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DISTRIBUTION AND EFFECT OF RADIOIODINATED 
ANTITHYROID ANTIBODIES IN THE 
INJECTED RAT* 


Lupwik ANIGsTEIN, W. B. Harpin, AND Dororny M. WHITNEY 


Previous studies on tracing anti-organ antibodies in vivo have 
revealed a relative accumulation of radioactivity in the homol- 
ogous tissue, although extensive cross-reactions with he:erol- 
ogous organs were found .(Anigstein et al., 1954). These cross- 
reactions are most probably due to common antigenic components 
of various tissues, especially to those present in the vascular bed 
(Pressman and Sherman, 1951). Strong localization of kidney 
antibodies in adrenals and ovaries of injected rats was recently 
described by Bale and Spar (1954). The antigen-antibody com- 
bination upon which the localization of the specific antibody in 
the homologous organ largely depends, may be cytotoxic, as 
shown by the nephrotoxic effect of the antikidney serum (Smadel, 
1936) or may induce characteristic physiological responses of 
the organ. In this regard, the study on the effect of antipancreas 
serum in vivo revealed hyperglycemia in the injected rat (Anig- 
stein et al., 1954). Although the mechanism of this phenomenon 
has not been disclosed, it is possible that the insulin present in 
the rat pancreas acted as one of the antigenic components of the 
poncreas-homogenate which elicited anti-insulin in the immu- 
nized rabbit. In this connection the recent studies of Moloney and 
Coval (1955) on antigenicity of insulin, and diabetes induced in 
guinea pig by specific anti-insulin antibodies, deserve attention. 

The antigenic properties of thyroid proteins were first investi- 
gated by Hektoen and Schulhof (1923) who immunized rabbits 
with human, beef and swine thyroglobulin and used the antisera 
for precipitin tests. In studying the specificity of anti-thyroglobu- 
lin sera Hektoen and Schulhof (1927) found cross-reactions with 
thyroglobulins of other animal species thus indicating organ 
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specificity rather than species specificity. The degree of cross- 
reactions with homologous and heterologous mammalian thyro- 
globulins was determined by Stokinger and Heidelberger (1937) 
by quantitative precipitin methods. An extensive study on sero- 
logical specificity of thyroid extracts was recently carried out by 
Witebsky, Rose and Shulman (1955). These authors used crude 
saline extracts of hog thyroid gland and have demonstrated by 
serological methods the high potency of the thyroid specific anti- 
bodies. Cross-reactions with thyroid extracts of various animals 
exhibited a pattern similar to that of thyroglobulins. 


Materials and Methods 


Preparation of the antithyroid immune sera. Thyroid tissue of white rats of 
both sexes (200-250 gm weight) was used for immunization of rabbits. Prior 
to the removal of the gland. the rats were injected intra-abdominally with 
Nembutal-sodium (35mg/kg) and an equal volume of hepar:n-sodium solu- 
tion and then perfused with 1-2 liters of saline passing by gravity through a 
canula inserted into the abdominal aorta. The perfusate was allowed to leave 
by incision in the vena cava until the tissues appeared bloodless. The thyroid 
gland was then removed, frozen and kept in frozen state until used. The 
preparation of tissue suspension for injection of rabbits (3.5 lbs each) con- 
sisted in homogenizing 10-12 thyroids in 5 ml saline (average weight of one 
rat thyroid = 0.018 gm). For each experiment two rabbits were injected intra- 
muscularly and intra-abdominally once a week for +4 weeks using each time 
2.5 ml suspension per rabbit. Rabbits were usually bled eight days after the 
last injection when the serum was collected and stored at —10° C. Another 
immunization procedure consisted in the injection of two homogenized thy- 
roids per rabbit by 0.1 ml intravenously and 1.0 ml intra-abdominally twice 
weekly for +4 weeks. Serum was collected eight days after the last injection 
and stored at —i0° C. The serum globulin was precipitated by sodium sul- 
phate according to the modified technique of Majoor (1945) and gamma 
globulin content determined by electrophoresis. The following is the detailed 
technique of fractionation of the euglobulins which contain the gamma por- 
tion: 

To 2.0 ml of serum in a 50 ml round bottom large-neck contrifuge tube add 
18 ml of solium sulfate solution (18.5/100 ml) and 25 ml ether shaking 
vigorously. Allow it to stand at room temperature for ten minutes. Add the 
ether layer detergent (Span-20) in a concentration of about 1%. Shake 
vigorously, centrifuge at 5.000 rpm for about 15 minutes. Upon the removal 
of the tubes the gamma fraction at the water-ether junction appears as a hard 
white wafer. Remove the “wafer” and dissolve in saline. The protein can be 
dialyzed against 16 liters of saline by rotary dialysis at 5-10° C for 12-24 hrs. 
The residue is then transferred to 20 ml saline for lyophilization. Radio- 
iodination of the anti-thyroid gamma globulin was carried out in Abbott 
Laboratories, Chicago. by Gleason's technique by which 50 micrograms of 
potassium iodide are incorporated into 100 mg of globulin corresponding to 
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approx. 1 atom iodine per molecule of protein. This low iodination ratio is 
well within the stability limits for radio-bound protein. The specific activity 
of the material was approx. 32 microcuries with 1 mg globulin concentration 
per ml. 

Rats were injected intracardially with 0.5 ml of the radioactive globulin 
solution in addition to 1.55 ml intra-abdominally, totaling 66 microcuries 
per rat. 

Preparation of blood and tissue samples for radioactivity measurements. 
Duplicate samples of 0.2 ml of blood drawn from the heart were weighed in 
metal bottle caps, digested with 1.0 N NaOH and dried overnight at room 
temperature. For radioactivity measurements of tissues, rats were sacrificed 
at various intervals and perfused. Tissues were then removed, macerated and 
prepared in duplicate 0.2 gm samples as described for blood. 

The amount of radiation emitted from radioiodine in blood and tissues was 
measured by the thin mica window Geiger-Mueller TGC2 tube with Tracerlab 
64 scaler. Counts per minute per gram of wet tissue were corrected for back- 
ground, for radioactive decay and for dosage based on 250 gm rat. 

Complement fixation tests. The technique was based on procedures used and 
described by Witebsky et al. (1955). The rat tissues used as antigens were 
removed from the perfused animals and kept frozen until ready for use. 
Portions of the thawed organs were weighed and 10% suspensions in saline 
were prepared with the aid of a homogenizer. The suspensions were then 
centrifuged at 3,000 rpm in a refrigerated angle centrifuge for one hour. The 
supernate was used as antigen in both complement fixation and precipitin 
tests. The antisera, complement and antigen in 0.1 ml amounts were placed 
in refrigerator for two hours and then placed in a 37° C. waterbath for 1 hour. 
Sensitized cells were then added in 0.2 ml amounts and the readings made 
when controls became negative. 

Precipitin tests. The tests were performed by adding antigen in various 
dilutions to the undiluted serum. After 1 hour at room temperature ring 
formation was observed. The tubes were then shaken and read after 24 hours 
in the refrigerator. Precipitin reaction was further studied by the Ouchterlony 
technique and agar plates were prepared according to Wilson and Pringle 
(1954). The antigen was placed at the apex of the triangle and the immune 
and normal serra placed in wells at the proper distance from the antigen. 
Further precipitin studies were made using the technique of Munoz and 
Becker (1950) designed to evaluate multiple antigen-antibody systems. 


Experimental Results 


Serology. The antibody titration of sera by complement fix 
ation tests with thyroid tissue antigen revealed titers, not exceed 
ing 1:100. There was a marked overlapping of antgenic proper 
ties in various tissues particularly in the spleen, a highly vascular 
organ difficult to perfuse. 

The standard ring test technique for specific thyroid antibody 
revealed low precipitin titers. Rat antithyroid sera from rabbits 
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Nos. 26, 40 and 41 (pooled), 138, 139, showed titers 1:40 only 
after the tubes with antigen and antisera were refrigerated for 
24 hours. No rings were noted at the end of one hour incubation 
at room temperature. The Ouchterlony technique using thyroid, 
adrenal, kidney. liver, testes and spleen as antigens showed a 
graded response. Whereas no precipitation lines were seen in the 
area between antithyroid serum and the thyroid antigen depot, 
lines were noted between this antiserum and all other tissues. 
The area between the antithyroid serum and the adrenal antigen 
showed 2 lines of precipitation, while the kidney, liver, spleen 
and testes antigens showed one line between antigen and anti- 
serum. The zone between the spleen and the antithyroid serum 
showed an unexplained dark zone containing one precipitation 
line. No bands were observed between normal rabbit serum and 
any of the antigens tested. The precipitin test of Munoz and 
Becker (1950) technique gave somewhat similar results. No 
bands were seen with antithyroid serum and the homologous 
antigen, most probably due to the high dilution of the antigen, 
three bands appeared in the tubes containing kidney, adrenal 
and liver antigens, one band was seen in the tubes containing 
testes and spleen antigens. Tests with normal rabbit serum gave 
entirely negative results. A strong overlapping of the antithyroid 
antibodies with heterologous antigens was recorded by Witebsky 
et al. (1955). In one instance the antihog thyroid rabbit serum 
showed a much greater reaction with kidney extract than with 
the homologous thyroid extract (Witebsky et al., 1955). 

Radioactivity. The degree of accumulation of radioactivity in 
vivo was studied in various organs of rats injected with I 131 
antithyroid gamma globulin. The respective data were expressed 
in terms of specific activity of tissue as related to radioactivity of 
blood. 

The preliminary experiment was carried out in twelve rats 
divided in two groups of six rats each. Each rat of the test group 
was injected intra-abdominally with 0.75 ml. antithyroid serum, 
while each of the control rats was treated the same way with 
normal rabbit serum. Twenty-four hours later the twelve rats 
were given 0.5 ml. of I 131 antithyroid gamma globulin intra- 
cardially in addition to 0.75 ml. of the globulin intra-abdominally. 
The total of radioactivity per rat was 94 microcuries with a 
specific activity of 75 microcuries per mg. of gamma globulin. 
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A pair of rats of each group was perfused and sacrificed at the 
end of 24 hours and one pair of each group every other day there- 
after for eight days. Radioactivity of the tissues and of the blood 
was measured and the tissue/blood ratios (T/B) calculated. 
During the first two days of observation there was a relatively 
higher retention of radioactivity by the thyroid of rats treated 
with antithyroid serum as compared with the controls injected 
with normal rabbit serum, but during the succeeding days the 
ratios reversed themselves, namely the rats pretreated with anti- 
thyroid serum began to show less radioactivity than the control 
with the result that on the eighth day the T/B ratio of the anti- 
thyroid series showed approximately 60% lower radioactivity 
than the control. 

The next series of twenty-four rats, approximately 230 gm. 
weight. was divided into two groups of twelve each, one group 
injected intra-abdominally with 0.75 ml. rat antithyroid serum, 
(pooled from rabbits No. 40 and No. 41), whereas the control 
group was given the same amount of normal rabbit serum. On 
the following day the twenty-four rats were injected intracar- 
dially with 0.5 ml. I 131 anti-rat-thyroid rabbit gamma globulin. 
This material which was equivalent to 16 microcuries per rat 
was supplemented by intra-abdominal injection of 1.55 ml. anti- 
thyroid gamma globulin solution, totalling 66 microcuries per 
rat. At the end of three hours after injection, one pair of rats 
from each group was perfused. For eight successive days this 
procedure was repeated and the tissues (thyroid, adrenal, kidney, 
spleen, testes and liver) were prepared, by digestion and macer- 
ation, for radioactivity measurements. The first determination 
made during the early “dilution phase” showed approximately 
a three-fold concentration in the thyroid of the rats pretreated 
with antithyroid serum as compared with the control, A higher 
T/B ratio for the thyroid was still evident at the end of 48 hours 
during the stabilization period (“immune phase”), however 
beginning with the third day the radioactivity of the antithyroid 
pretreated rats was lower than that of the control especially on 
the eighth day after injection. Beginning with the tenth day the 
radioactivity of the blood fell to levels far below the minimum of 
accuracy in counting. 

The analysis of these observations seems to indicate a relative 
suppression of radioactivity or a lower retention capacity in the 











406 





Anigstein, Hardin, and Whitney 


thyroids of rats pretreated with antithyroid serum as compared 
with the controls (Chart I, Table 1). Similarly lower radio- 
activity was found in the adrenals (Chart IT, Table 1), the differ- 


Radioactivity 


TABLE 1 


expressed in tissue-blood ratios (T/B) for labeled anti-rat- 
thyroid gamma globulin injected into rats 











Group A Rats pretreated with normal rabbit serum 
GroupB Rats pretreated with anti-rat-thyroid rabbit serum 
T/B ratios T/B ratios 
Chart I A Day B 
Thyroid 66 0 220 
Blood 150 2 204 
345 3 292 
411 4 368 
590 5 517 
770 6 696 
(440) 7 ones 
1,000 8 835 
1.840 10 2,420 
2,230 12 15,600 
Chart IT 4 Day B 
Adrenal 270 0 .039 
Blood .029 2 487 
298 3 162 
.623 4 440 
1.050 5 502 
.810 6 360 
.192 7 face 
226 8 716 
047 10 100 
12 
Chart III A Day B 
Spleen 167 0 .100 
Blood 207 2 .169 
245 3 126 
145 4 .218 
009 5 .299 
.193 6 357 
207 7 cave 
.290 8 348 
.290 10 .680 


890 12 1.500 




















T/B x 10° 
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Chart IV A Day B 
Liver .045 0 .460 
Blood .050 2 .053 

.057 3 .095 
.071 + .130 
.090 5 .210 
.339 6 328 

.063 7 nat 
.182 8 137 
.100 10 .216 

12 

Chart V A Day B 
Testis .082 0 .072 
Blood 135 2 .065 
.143 3 .200 
.125 4+ 215 
112 5 .168 
.123 6 .132 

151 7 et 
(.612) 8 103 
173 10 .170 

12 
CHART I 


Radiocctivity expressed in tissue/blood ratios (T/B) for lobeled 
onti-thyroid gomma globulin in THYROID tissue of rots. 


& rots pretreoted with normal 
rabbit serum 


QQ rots pretreated with anti-rot- 
thyroid rabbit serum. 
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CHART I 
Radioactivity expressed in tissue/blood ratios (T/B) for labeled 
anti-thyroid gamma globulin in ADRENALS tissue of rots. 


By rots pretreated with normol 
rabbit serum. 






rots pretreated with anti-rat- 
thyroid rabbit serum. 


° 








vy, 
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CHART Il 


Radiooctivity expressed in tissue/biood ratios (T/B) for lobeled 
onti-thyroid gamma globulin in SPLEEN tissue of rots. 





= rats pretreated with normal 
rabbit serum 








rots pretreated with anti-rats- 
thyroid robbit serum. 
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CHART IV 
Rodioactivity expressed in tissue/blood ratios (T/B) for labeled 





serum. 


thyroid rabbit serum. 


rabbit 
rots pretreated with anti-rat- 


rats pretreated with normal 


anti-thyroid gomma globulin in LIVER tissue of rats. 
DAYS 





Or * B/L 


CHART V 
Radioactivity expressed in tissue/bilood ratios (T/B) for lobeled 


anti-thyroid gamma globulin in TESTES tissue of rats. 





S rots pretreated with normal 


rabbit serum. 


rots pretreoted with anti-rot- 


thyroid rabbit serum 
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255 
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ences between the T B ratios of the two rat groups being even 
greater. Assuming cross-reactions of organ antibodies and the 
overlapping antigenicity of various organs, the fact that the 
adrenals of rats pretreated with the antithyroid serum show 
considerably lower radioactivity levels as compared with rats 
injected with normal rabbit seru.n deserves attention. On the 
other hand, there is a stronger localization of radioactivity in the 
spleen of the antithyroid series beginning with the fourth day 
after injection over the entire period of observation although data 
for the ninth and eleventh day are lacking (Chart III, Table 1). 
Similar results were obtained with the liver where during most 
of the observation period the T/B ratios were higher in the anti- 
thyroid series (Chart IV, Table 1). The T /B values for the testic- 
ular tissue were also higher at the third, fourth, fifth and sixth 
day of observation as compared with the radioactivity values of 
the control (Chart V, Table 1). 

Metabolism. The physiological effect of thyroid antibodies 
upon the oxygen consumption of 20 day weanling rats was inves- 
tigated. For this purpose twelve rats of one litter, both sexes, 20 
days of age were divided in two groups (A and B) and kept in 
separate cages. All rats were maintained on the same diet (Purina 
dog chow ). Group A was injected with antithyroid rabbit gamma 
globulin (80% pure) at a dosage of 0.2 ml. to 0.4 ml. intra- 
abdominally. weekly or twice weekly over a period of 28 days. 
A total of nine injections were given to each rat of group A, The 
gamma globulin contained 39 mg./ml. protein with 31.2 mg. 
globulin per ml. of the solution. Consequently, the injected doses 
of 0.2-0.4 ml. correspond to 6.25-12.48 mg. globulin or a total 
average dose of 3.6 mg. per rat for the 28 day period. 

Each group of rats was placed in a round glass desiccator jar 
to which a spirometer was attached (Fig. 1). Duplicate readings 
were taken and, following correction to standard barometric 
pressure and temperature, the final results were expressed in 
milliliters of O, consumed per gram/hour (Table 2). The analy- 
sis of Fig. 2 shows a steep rise in oxygen consumption curves in 
both groups of rats beginning with the 20th day of age. Whereas 
the peak of the curve in contro] rats is reached on the 29th day, 
the curve for the thyroid antiserum treated rats reaches its peak 
on the 32nd day and levels off lower than in the controls. 

The results of these preliminary experiments seem to indicate 
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Apparatus for measuring BMR's in rats 
based on oxygen consumption. 


Fic. 1. Apparatus far measurement of Basal Metabolic Rate (BMR) in rats, 
based on oxygen consumption. 


A. Kymograph recording drum 
B. Spirometer with oxygen 


C. Three way stopcock which fills the cylinder with O, and allows the oxygen 
to flow to: 


D. Desiccating jar where the rat is placed; d. thermometer 
E. Electric motor for air circulation. Moisture is absorbed by CaO at the 


bottom of D. 


that the antithyroid gamma globulin repeatedly injected into 
weanling rats exerts a delaying action on the rate of oxygen con- 
sumption as compared with the control series. 

Histological examination of the rat thyroid was based on speci- 
mens from weanling rats previously used for basal metabolism 
measurements, Sections were prepared from thyroids of weanling 
rats after a course of injections of antithyroid gamma globulin 
and compared with the thyroids of untreated rats. In the thyroids 
of the “globulin series” the follicular cells were found hyper 
trophied reaching far into the colloid indicating an increase in the 
thyroid hormone. Another thyroid of the same series shows a 
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TABLE 2 


Oxygen consumption rates (O,cc gm/hr) in rats injected with anti-rat- 
thyroid gamma globulin (group A) and in control rats (group B) 





Age days 0, Weight 
A _  B A B 

20 1.53 1.59 25.5 24.0 
21 or oe 29.0 25.0 
22 2.02 1.85 30.5 29.6 
25 2.10 2.43 38.8 35.0 
26 nee bas 43.0 38.3 
27 1.92 3.05 47.0 43.0 
29 3% Pate 52.4 48.6 
31 3.08 2.88 67.0 61.3 
33 3.10 2.61 76.0 69.6 
34 re ei 82.0 75.6 
35 cane : 87.5 £0.6 
38 2.30 2.01 101 93.6 
39 ie 105 96.6 
40 1.91 2.16 109 100 
41 Ss jon 108 #4 

$2 1.90 2.17 118 108 
a) 1.90 2.30 129 120 
46 aie 135 125 

47 137 128 
48 1.71 2.04 144 130 
52 1.93 1.80 162 157 


Age given in days since b:rth 


Weight given in grams averaged from the combined weight of each group of 
six rats 





reactive hyperplasia undergoing degeneration and resembling 
carcinomatous changes. Also in this gland extreme activity is 
evident changing the histological structure completely. The thy- 
roid of the contro] rat shows “pseudo-giant’ cell formation due 
to degeneration of the epithelial cells of the acinis. On the whole. 
no remarkable differences were noted between the thyroids of 
rats injected with anti-rat-thyroid antibodies as compared with 
those of the controls. Extreme hyperplasia (hypertrophy) domi- 
nates the picture being at the same time associated with degenera- 
tive changes. No definite conclusions can be drawn from these 
limited observations, but the subject deserves further study. 
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OXYGEN CONSUMPTION RATES (cc/9™ />r) IN RATS INJECTED 
WITH ANTI-RAT-THYROID GAMMA GLOBULIN (GROUP A) 
COMPARED WITH CONTROL RATS (GROUP B) 


—— ADULT RAT(90 DAYS) OXYGEN CONSUMPTION LEVEL 


uo 
> 





OXYGEN CONSUMPTION IN ¢¢/gm/hr 
Ld 








AGE IN 20 25 30 35 40 45 50 
DAYS 


Summary 


The rat thyroid was used for testing the action of specific anti- 
bodies and for evaluation of the responses of the organ to these 
antibodies. Antithyroid immune sera were prepared in using rat 
thyroid tissue as antigen for immunization of rabbits. The anti- 
body titration of immune sera with thyroid tissue antigen re- 
vealed antibodies of low titer with cross-reactions against other 
rat organs. For tracing the distribution of thyroid antibodies in 
the injected rat, radioiodinated gamma globulin of the antisera 
was used, The thyroid of rats pretreated with antithyroid serum 
and subsequently injected with radioactive gamma globulin 
showed less radioactivity than the thyroid of rats pretreated with 
normal rabbit serum. Weanling rats 20 days of age, were repeat- 
edly injected with antithyroid gamma globulin and their oxygen 
consumption curves compared with those of control rats. Whereas 
the peak of the oxygen consumption curves in normal control 
rats was reached at their 29th day since birth, the oxygen curve 
in the series of rats pretreated with thyroid antibodies reached its 
peak after a 72 hours delay. These observations together with the 
lower capacity of the thyroid to retain the injected thyroid anti 
bodies after pretreatment with specific antiserum, seem to indi- 
cate a functional suppression of the thyroid gland. 
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BEHAVORIAL DISTURBANCES IN ANIMALS. IT. EFFECTS 
ON BLOOD PRESSURE, PEPSINOGEN, AND 
ADRENAL WEIGHT IN RATS* 


GeraLp A. BELKIN. AND ALVIN P. SHAPIROt 


Since emotional disturbances produce acute physiological 
changes in man and animals, it has been postulated that chronic 
diseases such as peptic ulcer, hypertension, and hyperthyroidism 
may result when these disturbances are prolonged. The contrast- 
ing sympathetic and parasympathetic responses demonstrated by 
Cannon (1923) in these acute phenomena have been extrapolated 
to explain the involvement of specific organs following chronic 
anxiety (Alexander 1950), and the proposal of the General 
Adaptation Syndrome following stress has suggested a possible 
pathogenesis (Selye 1947). 

However, there have been few attempts to test these hypotheses 
in an experimental animal model. Although disturbances of be- 
havior in animals have been investigated extensively, more 
studies are needed in which these disturbed states are correlated 
with physiologic malfunction and chronic pathological changes, 
in order to clarify psychosomatic theory. 

The etiologic relationships between chronic anxiety and hyper- 
tensive vascular disease are particularly difficult to investigate 
without an experimental model. Acute changes in blood pressure 
in man occur readily following emotional disturbances and clini- 
cally affect the course of the disease and its response to therapy 
(Shapiro, 1956), but these influences have never been demon- 
strated decisively to produce chronic vascular changes. Farris 
(1945) and Rothlin (1953) have produced high blood pressure 
in rats by audiogenic stimulation, but the techniques require 
considerable physical stimulation and significant vascular disease 
has not developed in these animals. 

We have undertaken studies to devise an experimental model 


*From the Department of Internal Medicine, The University of Texas, 
Southwestern Medical School, Dallas. Supported by United States Public 
— Service Grants M-739 and H-1954. Received for publication June 15, 
1956. 

_ t Present address: Department of Clinical Science, University of Pittsburgh 
School of Medicine, Pittsburgh, Pa. 
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in which the effects of emotional disturbances on blood pressure 
and related functions may be defined precisely. By varying the 
types of psychological disturbance and by employing measures 
intended to potentiate damage to the vascular system in these 
experiments, we have attempted to evaluate the relative impor- 
tance of psychologic and anatomic abnormalities in the etiology 
of hypertensive vascular disease. Studies in cats exposed to the 
Masserman technique for establishment of experimental neuroses 
have been reported previously (Shapiro 1955). The present 
report describes results in rats in whom the effects of a simple 
form of behavioral disturbance and the potentiating influence of 
a high sodium intake have been investigated. 


Methods and Materials 


Fifty male Sprague-Dawley rats. weighing approximately 200 grams each, 
were divided randomly into four groups. Cages were cleaned and rotated every 
two weeks. All animals were fed rat chow* ad lib supplemented by fresh 
lettuce and carrots. The four groups of animals were treated as follows: 








Cage No. of animals Stress Drinking fluid 
A 13 no distilled water 
B 13 no 1.5% saline+ 
Sc 12 yes distilled water 
D 12 yes 1.5% saline+ 





* Uncle Johnny Mills. Houston. Texas. 

+ With 1.5% saline as drinking water. rats drink approximately twice as 
much fluid as controls receiving distilled water. This supplies 1 to 1.5 gms of 
salt per day. and constitutes approximately a 10% salt diet. For reasons 
pointed out in the discussion. this is close to the maximum amount of salt a rat 
can be given when it is supplied in drinking water. 


The rats were weighed and systolic blood pressure measured weekly. The 
latter was determined with the tail plethysmograph. with the animal anesthe- 
tized lightly with ether (Williams 1939). Weights and blood pressures were 
not significantly different in the four groups prior to the experiment. 

In order to produce behavioral disturbance (hereafter referred to for 
descriptive purposes as Stress). each animal was placed in a runway, two feet 
in length and divided into three compartments by eccentrically placed doors. 
The top of the runway was plate glass; the floor consisted of a grid, constructed 
of 14” aluminum rods. placed 14” apart. and traversing the length of the 
runway. An automatic timing device and a variable voltage regulator per- 
mitted electrification of one end and the center compartment, or the other 
end and the center. alternately. at 25 second intervals. A buzzer (conditioned 


stimulus) wired to the top of the runway sounded for three seconds every 25 
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seconds, and was followed, beginning during the third second, by electrifica- 
tion of the grid with a charge of approximately 30 volts. This was sufficient 
only to jolt the animal mildly. To escape from the charged end to the safe 
end of the runway, the rat was compelled to run through the charged middle 
compartment; 25 seconds later, he was forced to shuttle back. He could escape 
the electrical shock by responding to the conditioned stimulus. 

Sufficient runways, all wired to the same circuit, were available to stimulate 
12 rats simultaneously. The animals were placed in the runways for a thirty 
minute period, during which time they made approximately thirty round 
trips of the apparatus. Immediately thereafter, the rats were locked into one 
of the compartments for a six hour period during which the buzzer alone 
sounded at 25 second intervals. They were allowed access to food and the 
appropriate fluids during this period. 

The apparatus thus accomplished the following: 1) the rat was exposed to 
a noxious stimulus (non-convulsive electric shock) from which it could escape 
by responding to a conditioned stimulus; 2) it was forced to repeat this maneu- 
ver at 25 second intervals, returning for safety each time to the previously 
harmful compartment; 3) after a short period of this behavior (30 minutes). 
the animal was exposed for a longer period (6 hours) to the conditioned 
stimulus, with escape barred but without the noxious stimulus. These maneu- 
vers were carried out three times weekly for 10 weeks*, at which time. 
following a two day rest period, all animals were sacrificed. They were 
anesthetized with ether and exsanguinated by cardiac puncture. Stomach and 
duodenum were opened and examined grossly for evidence of ulceration. 
Heart, kidneys, and adrenals were removed, cleaned of extraneous tissue, and 
weighed immediately in tared containers on a Sartorius balance accurate to 
0.1 mg. Tissues were fixed in 10% formalin and sections stained with hema 
toxylin-eosin. Oil red O stains of frozen sections of adrenal also were prepared 
(Gormori 1952), Plasma pepsinogen was determined by the method of Mirsky 
et al. (1952). 


Results 


I. Behavior 


In pilot studies, the rats learned the avoidance response as long 
as it was unidirectional only. When shuttle activity was intro- 
duced however, this response would break down, so that rein 
forcement with the noxious stimulus again became necessary. 
During the course of the experiment, about one third of the 
animals in both groups would develop the avoidance response 
during a given Stress period; this was usually extinguished by 
the next period. Different rats displayed the response on each 
Stress day; only a few were consistent responders, However, all 


* Physical stress was thus quite minimal; actually the animals were forced 
to run and be exposed to the non-convulsive shock for only 1,5 hours per week 
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animals continued to display a “‘startle’’ reaction to the con- 
ditioned stimulus. This took the form of a slight jump and/or the 
striking of a “catatonic” positioning and posturing. When so 
arranged, the animals did not move unless vigorously prodded. 

The over-all behavior of the animals was unaffected. They 
remained docile, except for one or two animals in each group who 
intermittently displayed biting activity at the conclusion of a 
thirty-minute period of stimulation. In respect to behavior, sig- 
nificant differences between animals on 1.5% saline solution or 
water were absent. 


II. Physiological changes 


These data were subjected to analysis of variance and are 
summarized in Tables 1 and 2. 


A. Weight gain 

Weight gain was least in the group receiving saline and Stress. 
Stress alone, but not saline alone. interfered significantly with 
weight gain. Gross differences in food intake among the groups 
were not noted; however, balance studies were not performed. 


B. Blood pressure 

Although a slightly higher systolic blood pressure was noted 
in the group receiving saline alone as contrasted with the group 
receiving saline and Stress, analysis of variance revealed that all 
groups were from the same population as regards this variable. 


C. Adrenals 

A highly significant increase in adrenal weight in proportion 
to body weight was demonstrated in the groups receiving Stress. 
Saline alone produced no changes and did not potentiate the 
changes of Stress. 


D. Heart and kidneys 

Heart and kidney weights were increased significantly in pro- 
portion to body weight, in the groups receiving 1.5% saline. 
Stress exerted no effect and was not potentiated by sodium. 


E. Plasma pepsinogen 


Plasma pepsinogen values were not significantly different 
between the groups. 
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TABLE 2 
Weight Adrenals Heart Kidneys 
Treatment t® P t® P t® P t® P 
C x Na 1.67 NS 0.5 NS 27 <0 Si 6 6<€0 
CxSt 26 .05>.01 34 <01 12 NS 021 NS 





CxNa+St 46 <01 48 <Ol 27 <01 25 .05>.01 


NaxNa+St30 <01 52 <01 013 NS 047 NS 
1 








Stx Na+St 20 NS 08 NS 4 NS 22 .05>01 





X1 agile X2 r | sm Fe | ——— y =  \yupsecescepemmmmened 
*t = ——_—___; where V= ___ y within sample variance 
wit 4 


Vii ip 
III. Pathological changes 


With the Oil red O stains of the adrenal, lipids were diminished 
in the zona glomerulosa of the “salted” animals, with and without 
Stress, despite the fact that the adrenal weights did not differ 
significantly from those in the “unsalted” group. The heart, kid- 
neys, and adrenals of the “salted” animals demonstrated no 
lesions, grossly or microscopically, nor were any changes pro- 
duced by Stress. No ulcers were seen in the stomach or duodenum 
of any animals, although it has been stated that these may occur 
spontaneously in rats (Hay, 1942). 


Discussion 


The technique employed to produce behavioral disturbance 
provided a stimulus of pain and fear, from which the rat was 
permitted to escape, but in so doing submitted to additional dis- 
comfort. Subsequently, the animal was exposed repeatedly to 
the conditioned stimulus for these disturbances, but escape was 
blocked. Although it is not intended to analogize these anthropo- 
morphic conceptions of rat psychology to man in any precise 
way, the experimental design in the rat provided a situation 
reminiscent of certain conflicts in man in which feeling states 
such as hostility and frustration are engendered. 

The psychostimulation evoked a reaction of stress in the rats 
as measured by adrenal hypertrophy but was not associated with 
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additional physiological or anatomical changes other than slight 
retardation in growth. Moreover, a high sodium intake did not 
exacerbate the stress reaction, although it was itself responsible 
for an increase in weight of the heart and kidneys and a decrease 
of lipids in the zona glomerulosa of the adrenal (Bacchus 1950). 
Disturbances in gastric function or pathologic changes in the 
stomach were not elicited. 

The failure to produce hypertensive vascular disease may lie 
in the type, intensity, and duration of psychological disturbance 
employed, in the lack of a properly prepared target organ, or 
indeed in the fact that behavioral disturbances are unimportant 
in the etiology of the ailment. The lack of gastro-intestinal dis- 
turbance similarly has a number of implications regarding organ 
specificity in psychosomatic diseases. However, it would seem 
unwise to speculate further concerning these problems from 
experiments that were intended primarily as pilot investigations 
of methodology. Rather, the studies should be considered only as 
providing empirical data to guide further investigations. 

One of the major problems in research in chronic psychoso- 
matic disorders is the lack of such psychophysiological data from 
which hypotheses may be formulated and the absence of experi- 
mental models in which these hypotheses can be tested. Present 
theories are not soundly based and consequently may be mis- 
leading. For instance, our data indicate that the theory of the 
General Adaptation Syndrome (GAS) may not be pertinent to 
hypertensive disease. An adrenal cortical stress reaction appar- 
ently was invoked, and yet no hypertension, vascular disease, 
or any other “disease of adaptation” developed, even with poten- 
tiation by a high sodium diet. Similarly, empirical data may 
clarify and allow more precise formulation of the concepts of 
organ specificity in psychosomatic disease. 

The absence of vascular disease in animals receiving 1.5% 
saline as drinking fluid deserves additional comment. Develop- 
ment of hypertension in rats receiving 2% saline as drinking 
water has been previously reported (Sapirstein 1950) and in pilot 
studies in our laboratory this was also noted, but the rats rapidly 
succumbed. With free access to distilled water, the rat can tolerate 
large amounts of sodium in his diet, as has been demonstrated by 
Richter (1954). However, when the excess sodium is given in 
the drinking fluid in concentrations significantly over 1.5%, it 
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can be calculated from Richter’s data that the animal is unable 
to make available sufficient fluid for body needs over and above 
that needed to excrete the excess salt. The 1.5% saline drinking 
fluid therefore, apparently serves merely to “hypertrophy” mech- 
anisms responsible for sodium excretion and may increase sodium 
and water content of the tissues. but yet does not produce the 
vascular changes which Meneely (1953) has described in rats 
on diets high in sodium-containing foods. 


Summary 


An experimental model for the investigation of psychosomatic 
disorders, particularly hypertensive vascular disease, was studied. 
In the rat, ten weeks of a specific type of psychostimulation pro- 
duced adrenal hypertrophy, but blood pressure did not increase. 
Administration of 1.5% saline as drinking fluid did not produce 
vascular changes nor potentiate the stress reaction. The experi- 
ment demonstrated that use of an animal model may supply 
empirical data which will permit more specific formulation of 
current hypotheses concerning psychosomatic disorders. 
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RECENT INVESTIGATIONS ON LEUKERGY+ 


Lupwik FLEcK* 


The characteristic features of leukergy consist in the appear- 
ance in the circulating blood of certain leukocytes which exhibit 
adhesiveness and tendency to agglomerate (Fleck and Murczyn- 
ska, 1947; 1949: Fleck, 1951). Leukergyt occurs in all instances 
of accelerated leukopoiesis, i.e. in various inflammatory states, in 
febrile infectious diseases, in normal pregnancy, after profuse 
bleeding as well as after intensive muscular activity. Leukergy 
can be provoked artificially in rabbits by intravenous injection 
of bacteria, pyrogenic substances or Menkin’s “leukocytosis pro- 
moting factor.”’ Intrapleural injection of turpentine will also pro- 
duce leukergy. In man, leukergic response has been noted after 
lumbar air insufflation and is supposed to be of central origin. 
The leukergic leukocytes originate from the bone marrow, and 
they undergo a series of changes during the circulation, and per- 
form special functions. 

Our more recent investigations have proceeded chiefly along 
two lines: 1) demonstration of the immunological role of leu- 
kergy, 2) establishment of the relation between the properties of 
leukergic leukocytes and their metabolism. 

The concept of leukergy which denoted no more than the mere 
clumping of the white cells in the above mentioned states, took 
on a broader meaning, namely activation of the leukocytic sys- 
tem, characterized by the production of adhesive leukocytes rich 
in enzymes and in energy-rich material displaying an intensive 
immunological activity. The leukergic agglomeration of leuko- 
cytes is not a serological phenomenon and has no connection with 


* Head of the Department of Microbiology, Mother and Child Institute, 
Warsaw, Poland, Kasprzaka, 17. 

+ Edited by Ludwik Anigstein and Dorothy Whitney. Received for publi- 
cation July 1, 1956. 

t The test for detecting leukergy and determining its degree is as follows: 
A citrated blood sample (one part 3.8% sodium citrate solution to four parts 
blood) is incubated for three hours. A large drop is placed on a slide, rocked 
gently and after drying in the incubator, is stained with methylene blue 
without fixation. From this the percentage of agglomerated leukocytes is 
determined. 
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the autoagglutination of leukocytes as described by many authors. 
The leukergic leukocytes cannot be simply termed “inflammatory 
leukocytes” since they may appear in conditions with no relation 
to inflammation, e.g., after blood loss. 

The immunological role of leukergy results from the following 
properties of leukergic leukocytes: 1) greater motility than 
normal leukocytes, 2) phagocytic activity exceeds several times 
that of the normal leukocytes, 3) adhesiveness, causing the shift- 
ing of leukocytes to the infection foci as well as to the blood depots 
(lung, spleen, liver). The shifting to the lungs is of particular 
significance in antibacterial defense since bacteria which have 
invaded the circulation are trapped and intensively phagocytized 
even in the small pulmonary vessels and may be subsequently 
eliminated together with the phagocytes into the alveolar spaces. 

For estimation of motility of leukocytes the slide-cell tech- 
nique of Martin et al. (1950) was used. The distance between 
the centrifuged erythrocytes and the border line of leukocytic 
migration after 20 hours served as migration index, The indices 
of normal animals were compared with those of animals injected 
with turpentine, with killed B. coli or with Menkin’s “leuko- 
cytosis promoting factor.” The results are shown in Table 1. 








TABLE 1 
Leukergy in Mean number Mean migra- 
Numberof % of clumped of leukocytes Mean migra- tion index/ 
experiments leukocytes in cubic mm. tion index 1,000 cells 
17 0to5 8,105 + 38* 1.6+ 0.12 200” 
6 5 to 40 11.833 + 100 2.6 + 0.34 220" 
19 40 to 80 13.178 + 831 3.3 + 0.28 2504 
* Standard error of the mean = 
> (d?) 
n (n-1) 


The difference in the mean migration indices for negative 
leukergic blood (0 to 5%) and weakly positive (5 to 40%) is 
1 + 0.36, thus indicating a noticeable difference. Still more sta- 
tistically significant are the differences between negative and 
strongly positive leukergic blood (40% to 80%), 1.7 + 0.29. The 
migration index per 1.000 cells is 250, for positive leukergy as 
compared with 200, for aleukergic cells. 

A double or triple dilution of leukergic blood with its own 
plasma will not reduce the mean migration index below that of 
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aleukergic blood although the mean number of leukocytes per 
cubic millimeter falls to one half of the mean number of leuko- 
cytes in aleukergic blood (Table 2). The value of the migration 
index undoubtedly depends on the number of leukocytes, how- 
ever, the greater motility of leukergic leukocytes which has been 
clearly demonstrated must be emphasized. 











TaBLeE 2 
Leukergy Leukergy 40% to 80% 
0% to 5% 
Undiluted blood Blood diluted 1 :2 Blood diluted 1:3 
Mean Mean Mean Mean Mean Mean Mean Mean 
migration leuko- migration leuko- migration leuko- migration leuko- 
index cytosis index cytosis index cytosis index cytosis 
1.6 8,105 = 13,178 2.03 6,589 1.7 4,292 





We have studied the phagocytic power of rabbit leukocytes for 
Staphylococcus albus before the injection of killed B. coli or Men- 
kin’s “leukocytosis promoting factor,” in comparing the phago- 
cytosis of aleukergic and leukergic animals. We used as opsonin 
the same serum, namely the serum taken before the injection of 
the rabbit to avoid the interference due to the opsonin level 
changes. The results are shown in Table 3. 








TABLE 3 

Number Mean Mean 
of phagocytic phagocytic 

experi- index index Difference 

ments before leukergy during leukergy of means Remarks 
8 1.45 + 0.22 9.38+ 1.7 Is 17 37°C. incub. temp. 
6 11.47 + 1.9 31.65+ 5.04 2018+ 5.38 39°C. incub. temp. 
5 34.32 + 9.8 106.7 + 17.6 72.3 + 202 39°C. incub. temp. 
8 4.07 + 0.7 6Sit 15 2.77 + 1.59 — surface phago- 


cytosis 
temp. 39°C. 





The percentage of granulocytes which did not phagocytize was 
6.4 in aleukergic blood as compared with 1.6 in leukergic blood, 
thus four times lower. 

The effect of leukocytosis in leukergy is enhanced by clumping 
of blood platelets which arrest bacteria (Rickenberg’s phenome- 
non) and deliver them to the leukergic leukocytes. These leuko- 
cytes unlike aleukergic leukocytes have the property of adhering 
to the platelets. 
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Direct determination of bactericidal activity of leukergic and 
aleukergic blood to which an equal number of staphylococci were 
added, showed that aleukergic blood gave several times more 
colonies than did leukergic blood. The results are shown in 


Table 4. 











TABLE 4 
Leukergy negative Leukergy positive 
Blood undiluted Blood diluted 1:2 
Number R —————— —_— 
of rabbits MLN* MCN? MLN MCN MLN MCN 
9 9,788 238.5 13,722 88.1 6,935 134 
* MLN = mean leukocyte number. + MCN = mean colony number. 


From leukergic blood samples diluted with their own plasmas 
1:2, i.e., from those samples where the leukocyte number was 
diminished by one-half, but without reduction of the anti-bac- 
terial serological potency, we obtained a mean number of colonies 
smaller than from aleukergic blood, but greater than from undi- 
luted leukergic blood. This proves that the greater bactericidal 
power of leukergic blood (experimentally determined) is caused 
neither by an increase of serological forces during leukergy, nor 
by merely the increased leukocyte-number in leukergic blood, 
since this number is smaller in diluted leukergic blood than in 
the aleukergic blood. 

By inducing artificial leukergy we successfully protected 
rabbits, in three series of experiments, against lethal doses of 
virulent staphylococci. In a similar way, we also prolonged the 
life of animals infected with pneumococci. 

Another mechanism important for antibacterial defense and 
connected with leukergy is the accumulation in certain places of 
leukocytes due to their adhesiveness. Many authors have 
described the effect of leukocytic adhesiveness on margination 
in the vessels, and on diapedesis from the vessels (A. Krogh, W. 
Barry Wood, Ch. A. Stetson, and others). 

According to earlier (Levaditi, 1901) and recent publications 
(A. S. Weisberger, 1951; V. Menkin, 1952; H. R. Bierman, 
1952), the cause of leukopenia immediately following an intra- 
venous injection of bacteria or other substances such as glycogen, 
india ink, etc., is the accumulation of leukocytes in the pulmo- 
nary circulation. Bacteria and other foreign particles introduced 
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into the veins are also trapped there. We succeeded in demon- 
strating that stickiness plays an important role in arresting the 
leukergic leukocytes in the lungs. First and foremost such leuko- 
cytes disappear from the greater circulation and accumulate in 
the pulmonary circulation. They can transitorily be brought 
back into the general circulation by an adrenalin injection. The 
retention of leukocytes in the lungs is of immunological impor- 
tance. In this region, an intensive phagocytosis takes place and 
subsequent elimination of bacteria together with the leukocytes 
via pulmonary alveoli and bronchi. We demonstrated this effect 
by injecting tubercle bacilli intravenously, proving after one hour 
in impression smears of lung tissue their accumulation and pha- 
gocytosis in this organ. After 24 hours :n inflammatory foci, e.g., 
in the peritoneal cavity after an irritant injection or in pus, al- 
most all leukocytes are leukergic. The same holds true for inflam- 
matory accumulations of leukocytes in the liver or spleen. The 
proof can be furnished by cytochemical methods. 

Ehrlich, followed by Best (1903), established the presence of 
increased amounts of glycogen in pus cells, in the leukocytes of 
exudates and those of the blood in infection leukocytosis. In re- 
cent years many authors (R. Wagner, 1947; M. Wachstein, 1949; 
W. S. Beck. 1953: W. N. Valentine. 1953; R. Robineaux, 1954) 
have written on this subject. Increased amounts of phosphatase in 
leukocytes from an infectious disease and from exudates are 
mentioned by these authors. 

These data prompted us to investigate the relation between 
leukergy and glycogen as well as the alkaline phosphatase con- 
tent in the leukocytes. We used cytochemical methods after 
Hotchkiss (glycogen) and Gomori (alkaline phosphatase). The 
results of the experiments on rabbits are shown in table 5. 

The leukopenic stage appears soon after the injection of bac- 
teria (20 to 40 minutes), subsequently (2 to 4 hours later) the 
leukocytosis stage begins, which lasts about 3 to 4 days. The 
leukergy test becomes positive simultaneously with the begin- 
ning of leukocytosis or a little sooner. About 2 hours before the 
positive leukergy test. the percentage of glycogen containing cells 
increases, this state lasting only 10 to 18 hours. The increase of 
the percentage of phosphatase positive cells begins later than that 
of glycogen positive cells, the interval being about 30 minutes to 
one hour. It lasts until the positive leukergy test vanishes, 
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The glycogen and alkaline phosphatase reactions of the bone 
marrow, after bacterial injection, precede the reaction in the 
blood one half to one hour, beginning 20 to 30 minutes after the 
stimulus. In rabbits, we find the described glycogen and phos- 
phatase reactions taking place in all leukergy cases: after bac- 
teria, pyrogenic substances, “leukocytosis promoting factor” in- 
jections, after blood loss, following intrapleural administration 
of turpentine etc. In pus and exudates, we find all cells to be 
strongly positive. 


TABLE 5 


LEUKOCYTIC RESPONSE CURVES OF A 
RABBIT AFTER INTRAVENOUS INJECTION 
OF 100 MILLION KILLED B. COLI 


—— Leukocytoss 


—— Clumped leukocytes in leukergy tect 








13000 
% ——- Gronulocytes with mcrecsed alkaline phosphetase 
11000 Granulocytes with increased glycogen 
9000 
7000 
5000 
3000 
1000 
2 oe ee oe ee es — ee .. a 
F2s4 8 <6 8 9 10" 24" 36" 48" 60" 72° 84 96 


In man, the difference between leukergic and aleukergic leuko- 
cytes, as far as glycogen in concerned, is less than in rabbits, but 
still distinct. 

The reaction as a whole and the order of its successive stages 
suggests that very soon, after the stimulus, the leukopoietic or- 
gans deliver into the circulation peculiar energetic leukocytes 
rich in glycogen and enzymes (glycogenolysis) which produce 
within two to three hours the factor responsible for the positive 
leukergy test. Their glycogen content diminishes within a few 
hours, but the stickiness remains. The changes of the blood pic- 
ture both at the beginning and at the end of leukocytosis, are de- 
termined by the appearance and disappearance of these peculiar 
leukocytes. 

It is unlikely that the leukergic state represents a stage in the 
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life cycle of ordinary granulocytes because there is no concur- 
rence in the disappearance of the stickiness and granulocytosis, 
If this were true, the positive leukergy test would disappear and 
the granulocytes would remain in the circulation, but this never 
happens. In any case, the leukergic leukocytes preserve in vivo 
and in vitro their adhesiveness for the duration of life. 

It seems permissible to look at leukergy as a special defense 
mechanism, promptly working in infection as well as in some 
cases of stress (pregnancy, wounds with blood loss, shock). 
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THE EFFECT OF A HISTAMINE LIBERATOR (Compound 
48/80) ON METHYLCHOLANTHRENE INDUCED 
SKIN CARCINOMA IN MICE 


P. O’B. Montcomery, T. Ditton, AND ANDRES GoTH* 


In 1923 Borrel, Boez and de Coulon (1) drew attention to the 
pronounced dermal mast cell reaction obtained by painting mouse 
skin with tar. This reaction was particularly intense beneath a 
benign papilloma induced by the tar. This pronounced mast cell 
reaction to dermal carcinogen application has since been re- 
peatedly confirmed (3, 5, 6. 7). More recently Cramer and Simp- 
son (2) have reconfirmed the work of the past investigations and 
made the additional observation that the mast cell hyperplasia 
Was a response which occurred only in the areas of epidermal 
hyperplasia but was not associated with epidermal neoplasia. In 
view of this relationship between the application of dermal carci- 
nogen and mast cell reaction, it seemed of interest to study the 
effect of compounds which are known to disrupt mast cells on 
carcinogenesis induced by methylcholanthrene. 

It has been demonstrated in recent years (8) that mast cells 
store and release histamine. In addition, it has been shown by 
the same investigators that a variety of compounds, referred to as 
histamine liberators can localize in the cytoplasm of mast cells 
and can cause a disruption of these cells. In 1954 Fawcett (4) 
reported that intraperitoneal injections of compound 48/80} 
depleted rat mast cells of their granules and concomitantly pro- 
duced a rise in the histamine content of the peritoneal fluid. This 
observation coupled with the previous reports associating dermal 
mast cell hyperplasia with the response to dermal applications 
of carcinogens led us to perform a preliminary experiment on 
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the effect of long continued injections of 48/80 on mice simul- 
taneously subjected to dermal applications of methylcholan- 
threne in acetone. This preliminary experiment indicated that 
the carcinogenic effect of methylcholanthrene could be accele- 
rated by the simultaneous administration of 48/80. More defini- 
tive experiments were then carried out and it is the purpose of 
this paper to describe the results of these latter experiments. 


Materials and Methods 


One hundred and sixty young adult female Swiss mice were used in the 
experiment. The back of each mouse was shaved and to this area 3 drops of 
5% methylcholanthrene in acetone were applied each Monday, Wednesday 
and Friday. The mice were divided into two equal groups, and group I 
received daily intraperitoneal injections of 50 micrograms of compound 48/80 
in saline, while Group II served as a control. (Preliminary experimentation 
with 30 mice had shown that 75 micrograms of 48/80 given intraperitoneally 
killed the majority of the animals). The above regimen was carried out in 
both groups, and all animals examined daily by two examiners until a grossly 
malignant lesion of the skin appeared. At this time the animal was sacrificed 


TABLE 1 


The time of occurrence of carcinoma in Group I and Group Il 
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and the day recorded. The skin of the back was removed and fixed in 5% 
ethyl alcohol. Following this blocks were cut through gross areas of neoplastic 
tissue and paraffin sections made. These sections were stained for 4 hours with 
Toluidine blue at pH of 2. They were air dried and mounted with permount. 
The gross diagnosis of squamous cell carcinoma of the skin was confirmed in 
each case. and no errors in gross diagnosis were found. In addition the sections 
were studied for their mast cell content and distribution while the individual 
mast cells were compared for their granule content and general cytologic 
characteristics. 


Results 


Table 1 is a graph depicting the number of animals with tumors 
plotted against the time of occurrence of the tumors in weeks. 
Prior to the eleventh week only three animals showed malignan- 
cies. Two of these animals were in group I and one animal was 
in group II. All of the animals in group I developed malignancies 
by the end of the sixteenth week and by the nineteenth week all 
of the animals in group II had developed malignancies. * 

An X® analysis of a four-fold table was made of the results. 
and these X* values with their corresponding P values are shown 
in Table 2. An example of this analytical method is shown below: 





With cancer Without cancer 
Group I 12 (a) 54 (d) 
Group II 1 (c) 72 (d) 
-- 126 139 =N 
N 2 
X? = N(che-ad) — 2) 
a+b) (c +d) (a+c) (b+d) 


The mast cells in the skin were studied in all of these mice in 
the original Groups I and II and these results were compared 
with the mast cells of mice from the following additional control 
groups. 

Group 1: 15 normal young adult female Swiss mice; Group 2: 
48 young adult female Swiss mice given one intra-peritoaeal 
injection of 50 micrograms of 48/80 and sacrificed in lost of 12 
at the end of 1 hour, 4 hours, 8 hours, and 24 hours; Group 3: 48 
young adult female Swiss mice were divided into two lots and 


* 12 animals in Group |, and 19 in Group II died of unknown causes during 
the course of the experiment and were cannibalised so that no tissues were 
taken. 
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treated with methylcholanthrene and 48/80 in accordance with 
the original experiment. The animals in Group 3 were sacrificed 
in equal numbers at the end of 1 week, 2 weeks, 3 weeks. and 4 
weeks. The study of these control mouse skins in relation to the 
experimental skins revealed the following facts: No differences 
in the mast cell structure, the number of mast cells or their distri- 
bution could be attributed to the drug 48/80. 











TABLE 2 
DAY | PERCENTAGE * x2 P 
Group I|Group I 
TT 14.3 Pe 9.68 | <1% 





88 33.4 11.1 13.64 | <1% 





91 35.7 12.3 14.39 | <1% 























100 45.3 29.7 3.65 | <5% 
107 $1.7 43.3 3.47 | <5% 
112 65.5 57.0 5.43 | <2% 











*# PERCENTAGE =—Vo_of animals with tumors 


No. of animals starting exp. 


The number of animals developing carcinoma in Group I and Group II with 
their time of occurrence and corresponding P values 


Although no differences in the mast cells or their number and 
distribution could be attributed to the effects of 48/80, there were 
differences between the normal mouse skin content of mast cells 
and their distribution when compared to the mast cells in the 
skins painted with methylcholanthrene. In these latter skins there 
were significant increases in the number of mast cells in the areas 
of skin hyperplasia induced by methylcholanthrene. Figure 1 
shows the mast cell distribution in the normal mouse skin. Here 
there are one to three mast cells randomly distributed through the 
dermis in every low power field. Figure 2 shows a section of epi 
dermal hyperplasia in a mouse painted for 15 weeks with methy! 
cholanthrene. Here the increase in the number of dermal mast 
cells is striking. Figure 3 shows the mast cell distribution in 
relationship to a mass of neoplastic squamous cells. Here one sees 
a marked dearth of mast cells adjacent to or intermingled with 
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the nest of neoplastic squamous cells. These observations were 
quite consistent in all of the mouse skins. 


Discussion 


The observation that dermal mast cells increased when the 
skin of a mouse was painted with tar is generally credited to 
Borrel et al. Borrel was the first protagonist of the viral theory 
of cancer and the mast cell aggregates which he noted were inter- 
preted by him to indicate that the tar application had made the 
skin susceptible to infection by neoplastic agents probably of 
viral origin. In a more definitive study Cramer and Simpson 
demonstrated the observations made here (2). Namely that mast 
cells increased in number when methylcholanthrene was applied 
to the skin of mice, and that there was a direct relationship be- 
tween such mast cell hyperplasia and the epidermal hyperplasia 
induced, but that there was an inverse relationship to the develop- 
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Fic. 1. Mast cell of normal mouse skin. 
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Fic. 2. Mast cell hyperplasia associated with epidermal hyperplasia. 


ment of squamous cell carcinomas. In fact, mast cells were almost 
totally absent in or about neoplastic masses of cells. In a more 
recent paper Sylven (9) has shown that acetone application to 
the mouse skin is without effect on mast cells. They likewise noted 
a hyperplasia of mast cells three weeks after methylcholanthrene 
application. This effect appeared to be independent of the acetone 
solvent or of the absolute per cent of the methylcholanthrene in 
the solvent. 

It is interesting to note that we were able to detect no differ- 
ences in the mast cell number, distribution or morphology within 
the various groups studied, which we felt we could relate to the 
action of 48/80. Thus 48/80 injected mice and normal mice ap- 
peared the same with our technic for mast cell study. Methy]- 
cholanthrene painted mice and similar mice simultaneously in- 
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jected with 48/80 appeared the same in regard to their dermal 
mast cells. These observations are in contrast to those of Fawcett 
(4). He observed that 48/80 in tyrode’s solution produced lysis 
of mast cells in the rat mesentery when the mixture was given 
intraperitoneally. This lysis was accompanied by a simultaneous 
rise in the histamine content of the tyrode solution. It may well 
be that the rat mast cell and the mouse mast cell differ greatly 
in their response to 48/80. It may also be that our technics and 
their time of application were sufficiently crude so that no histo- 
logic data could be obtained. 

Further studies are now in progress to determine the role of 
histamine and heparin in methylcholanthrene induced skin 
tumors of mice. 

Summary 


1. The effect of prolonged injection of 48/80 into female Swiss 
mice being simultaneously painted with methylcholanthrene has 


been observed. 













Ss es, % 
a oe ¥ 5S ‘on Pa v Rahs % 
UT) OT ON F 
: ; **< . “ We AGN ty 5: 





Fic. 3. Squamous cell carcinoma showing relative absence of mast cells. 
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2. Hyperplasia of dermal mast cells was a feature of the epi- 
dermal hyperplasia induced by methylcholanthrene. 

3. When neoplasia supervened on the hyperplastic skin der- 
mal mast cells were conspicuous by their absence from the neo- 
plastic masses. 

4. No histologically demonstrable effects on mast cells; either 
in relation to single cell structure, or numbers and distribution of 
cell aggregates, in any of the groups studied could be attributed 
to the injections of 48/80. 

5. Under the conditions of these observations methylcholan- 
threne induced skin tumors appeared at a significantly accele- 
rated rate in receiving daily intraperitoneal injections of com- 
pound 48/80. 

6. These experiments suggest certain relationships between 
mast cells and carcinogenesis and should provide the basis for an 
exploration of the possible role of mast cell products, such as 
histamine and heparin, in the development of experimental skin 
tumcrs. 
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THE REGULARITY OF EGG OUTPUT OF SCHISTOSOMA 
HAEMATOBIUM* 


CaroLyn M. STIMMEL AND J. ALLEN SCOTT 


An apparent revival of interest in the quantitative aspects of 
schistosome infection has stimulated belated analysis of data on 
the egg output of Schistosoma haematobium collected in Egypt 
in 1931. Relatively little has been published on the subject in the 
intervening years. Scott (1938) showed that the egg output of 
S. mansoni was no more irregular than that of hookworm in the 
same persons nor than that of hookworm and other intestinal 
worms reported by other authors. Barlow (1949) stated that in 
infections of S. haematobium there is a “uniform number of eggs 
appearing in daily urinations,” a statement which was appar- 
ently based on preliminary analysis of the data to be reported 
here. Gerritsen et al. (1953) studied the output of S. haemato- 
bium eggs in a series of 12 hour consecutive specimens and con- 
cluded that the variability was large. 

As far as we can determine, the present study deals with the 
longest series of observations on record in which the collection 
of successive specimens was under strict control. The variation 
from specimen to specimen was high and associated with rather 
regular fluctuation within the daily cycle. The variation between 
the total eggs produced on successive days was much less. Empha- 
sis has been placed on analysis of variability of egg counts in re- 
lation to their use for estimating the severity of infections. Some 
attention has been given to the problem of diagnosing the pres- 
ence or absence of infection. Some evidence is also provided with 
regard to the anatomical and physiological factors involved in 
the elimination of eggs. 

Opinion is varied as to the mechanism by which eggs get into 
the lumen of the bladder from the venule in the wall where the 





* Contribution from the Department of Preventive Medicine and Public 
Health and the Laboratory of Helminth Research, The University of Texas 
Medical Branch, Galveston. This paper was condensed from a thesis presented 
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Master of Arts. The data were collected by Drs. Claude H. Barlow and J. 
Allen Scott under the auspices of the Rockefeller Foundation. Received for 
publication August 3, 1956. 
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female worms are usually located. Brumpt (1930) and van den 
Berghe (1937) dicuss this matter but offer little information spe- 
cifically applying to S. haematobium. Their emphasis on the 
effect of contraction of the bladder would seem to be supported 
by our data. Kohlschiitter and Koppisch (1941) showed that in 
S. mansoni infections the eggs adhere to the endothelium of the 
venule. Endothelial cells migrate or proliferate over them, ex- 
cluding them from the lumen of the venule. Some of these eggs 
remain in the tissues surrounded by an inflammatory reaction, 
but others migrate through the tissues to the mucosa and eventu- 
ally reach the intestinal lumen. Presumably the process may be 
similar in infections of S. haematobium in the bladder. Barlow 
(1949), however, hypothesized that the female worm may pene- 
trate the wall of the venule and lay eggs in cysts. As the mira- 
cidia develop they may exude a histolytic substance dissolving 
the tissues, and the cyst is presumably ruptured by the contrac- 
tion of the bladder at urination. The data presented here will be 
shown to provide evidence in support of some hypothesis involv- 
ing rupture of cysts or extrusion from the mucosa by mechanical 
action of contraction at urination. Otherwise these data do not 
provide evidence as to the exact mechanism and the details will 
therefore not be discussed further. 


Materials and Methods 


The subjects were two laboratory workers with a secondary school education 
who understood the purpose of the experiment and co-operated willingly. 
There is good evidence, which is supported by analysis of the data, that 
virtually all specimens passed during the period were presented. Both cases 
were at the time of the experiment living under conditions in which they 
were no longer exposed to infection. Case 1, a 15 year old male, was infected 
with S. haematobium but showed no symptoms of the infection. The study 
was begun on March 12, 1931. The total urine output for each 24 hour period 
was collected in a single container during the first 13 days of the study. For 
the next 31 days the subject was instructed to divide collections into night 
and day periods, the night period including the time following a urination 
at 1600 hours through the first morning specimen, usually passed at about 
0630 hours. The specimens passed following the first morning specimen 
through one at 1600 hours constituted the day period. For the final 10 days 
of the study he was instructed to urinate according to normal habits, passing 
each specimen into a separate container and recording the time of passage. 
Case 2, a 16 year old male, was infected with both S. haematobium and S. 
mansoni but the eggs of the latter species were always very few in number. 
The records analyzed here include only S. haematobium eggs passed in the 
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urine. He showed minimal symptoms of the infection. The study of this case 
began on May 15, 1931 and continued for 10 days, following the same schedule 
as did Case 1 for the final 10 days. 

The specimens were processed in the laboratory with a modification of the 
procedure described by Barlow (1931). The contents of each container were 
stirred with a stirring instrument known to provide thorough and even dis- 
persal of the eggs, then two 15 ml. portions were transferred to centrifuge 
tubes and centrifuged at low speed. The urine supernate was then removed 
from each tube without disturbing the sediment which was spread in an 
enclosed area on one or more microscope slides. All eggs from each 15 ml. 
portion were carefully counted by two experienced technicians. The urine 
was measured and the total number of eggs in each specimen estimated by 
appropriate calculations. 

The variability of the counting method has been subjected to statistical 
analysis. When the counts of the eggs made by the two technicians on the 
same tube did not agree closely, the counts were rechecked by the laboratory 
supervisor. The variability from this source was therefore negligible. The 
variability between the accepted counts on the two tubes of urine from each 
specimen was analyzed by the method used by Scott (1938). The coefficient 
of variation of the average or sum of the counts of two parallel tubes based on 
the difference between them. without considering variation between speci- 
mens, was 16 per cent for the 44 specimens passed by Case 1 during the last 
10 days. Since this variability is much less than the variability between speci- 
mens or between any grouping of specimens. it seems reasonable to conclude 
that the method was adequate. 

The amount of urine passed by the subject is related to the climatic con- 
ditions. The 10 day periods in which separate specimens were collected are 
the most critical parts of the study in this respect. At the time of year when 
these observations were made the mean temperature in Cairo is about 24° C. 
and the mean relative humidity about 50 per cent. The diurnal variation of 
temperature is about 15° C. and of humidity about 30 per cent. 


Presentation of Data 


The detailed data of this study are given in a thesis by Stim- 
mel (1956) which is available in the University of Texas Li- 
brary. The data most essential for interpretation of the findings 
are presented below. 

Information from the data on the two cases studied has some 
bearing on several aspects of schistosome infection. Clinicians 
are frequently interested in the reliability of examination of the 


dejecta in determining the presence or absence of infection. 
These data add a little to the information now available on this 
question. Epidemiologists are interested in the same question 
but are also concerned with the possibility of using egg counts to 
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estimate the average intensity of infection in a group of people 
without resorting to an exhaustive clinical examination. Since 
helminths generally do not multiply in the definitive host, one 
can assume that there will be some correlation between the num- 
ber of worms present and the damage they do. This correlation 
will not often represent a straight line relationship and will vary 
with the chronicity of the infection. There is also a correlation 
between the number of worms present and the number of eggs 
they produce, but this correlation has been shown in the intes- 
tinal nematodes to depend on the age of the worms and various 
other factors. In the case of schistosomiasis there is the further 
factor that not all of the eggs reach the exterior, a factor again 
affected by the degree of chronicity. On these various problems 
the present data provide little or no information. Before they can 
be studied properly, however, still another problem must be 
faced, namely that the count of eggs at one examination may not 
reliably represent the level of egg output over a period of time. 
On this latter problem the present data have a direct bearing. 

The most stable estimate of the number of eggs produced is 
the average daily output taken over a long period of time, pro- 
viding that within that period no general change of level occurs. 
In this study we have available such an average based on 54 con- 
secutive days in one case and on 10 days in the other. In practice 
it is seldom possible to obtain a count of more than one day’s out- 
put. Our data provide an estimate of the reliability of any one 
day’s total in comparison with the long time average. More often 
the most that can be obtained is a specimen representing one 
complete passage of urine. Sometimes only a portion of such a 
specimen can be obtained. The question also arises as to whether 
some particular specimen, such as the first morning passage, is 
more reliable than a random specimen. Information on these 
points is available from an analysis of the daily cycle of egg out- 
put in these two cases. 


The Average Daily Egg Output 


The average egg output of Case I over a period of 54 consecu- 
tive days was 8,440 eggs per day, and for a 10 day period of 
Case II was 50,497 eggs per day. The 54 daily totals for Case I 
are shown in figure 1. The nearly horizontal line represents the 
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trend of the egg output with increasing time as calculated from 
the daily totals. The equation for this line is Y = 8,052 + 14X, 
where X is the time in days and Y the daily egg output. The 
slope of this line is not significantly different from zero as shown 
by a “t” test. therefore it is clear that the level of egg output did 
not change significantly during this period. Similar data for the 
10 day study of Case II will appear in later tables. No trend was 
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Fic. 1. Total daily egg output for the 54 day period of Case 1 and straight 
line fitted to the trend of the daily averages. 


detectable in the shorter period in this case. It is obvious from 
figure 1 that there was considerable variation in the daily totals 
of Case I, the lowest being about 4,000 eggs and the highest about 
12.500. The coefficient of variation for the series was 24 per cent. 
Similar variation appears in the daily totals for Case II, which 
range from 32,500 to 69,000 eggs, with a coefficient of variation 
of 28 per cent. At first sight this variation impresses one as being 
quite high. It actually is much lower than the variability of egg 
output of most of the cases of intestinal nematodes which have 
been studied (Scott. 1938) and egg counts with these species 
have proven to be of great practical value in epidemiological 
studies. 











ht 








Egg Output of Schistosoma Haematobium 445 


The relatively long series of observations on Case I provides 
an opportunity to study some of the factors related to this varia- 
bility in daily egg output. The principal question concerns cor- 
relation between the egg output and the volume of urine. The 
mean daily urine volume was 1,221 ml. with a coefficient of 
variation of 22 per cent. The correlation coefficient between 
daily egg output and daily urine volume is +.378, which is 
statistically significant when treated with Fisher’s “z” transfor- 
mation. The estimating equation is Y = 4,919 + 2.88 X, where 
Y is the egg output and X the urine volume. Even though the 
correlation coefficient is significant, the resulting coefficient of 
determination indicates that only 14 per cent of the variability 
in egg output is associated with variation in urine volume leav- 
ing 86 per cent of the variation to be explained by other factors. 
Some of these factors will be discussed later. 

Since Case II was studied for only 10 days the use of correla- 
tion analysis has less validity. The mean daily urine output was 
753 ml. with a coefficient of variation of 21 per cent. The corre- 
lation coefficient between daily egg output and daily urine vol- 
ume was —.784 and was significant at the 5 per cent level. The 
regression equation was Y = 101,638 — 68X but it is doubtful 
if much meaning should be attached to those figures in such a 
short series. It seems safe to say at least that they support the 
conclusion that most of the variability in daily egg output is not 
explained by the variation in urine output. 

The mean eggs per milliliter of urine, calculated from the 
total daily egg output and total urine volume, is 7.11 eggs per ml. 
with a coefficient of variation of 27 per cent for Case I, and 73 
eggs per ml. with a coefficient of variation of 44 per cent for 
Case II. Since these coefficients of variation are higher than those 
for total egg output, the use of eggs per unit volume of urine on 
a daily basis would have no advantage over the use of total eggs 
per day. 


Egg Output for Night and Day Periods 


It was suggested at the time of the study that one factor in this 
variability in egg output might be related to the subject’s relative 
inactivity at night. Consequently, Dr. Barlow suggested that for 
Case I, beginning with the 14th day, a comparison be made of 
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night and day periods divided as previously mentioned at 1600 
and 0630 hours. 

The mean urine output for the 31 night periods was 649 + 21 
ml. as compared to the mean of 566 + 32 ml. for the 31 shorter 
day periods. The mean egg output, on the other hand. was 
only 2,058 + 157 eggs for the night period as compared with 
6,383 + 308 eggs for the day period. Expressing these results in 
terms of eggs per unit volume of urine resulted in a mean for 
the night period of 3.26 + 0.27 eggs per ml., and 11.79 + 0.55 
eggs per ml. for the day period. There was a significant positive 
correlation between total eggs and urine volume for the day 
periods but no s:milar correlation for the night periods. Through 
the use of analysis of covariance the night and day means for 
egg output were adjusted for regression and multiplied by the 
appropriate factor to produce estimates of 24 hour totals. These 
estimates were 3.407 eggs per day when based on the night pe- 
riod, and 16.061 eggs per day when based on the day period, com- 
pared to the actual 24 hour mean count of 8,840 eggs. It is ob- 
vious that neither of these values would be a good estimate. 

It is clear, then, that real differences existed between the egg 
output at night and that during the day. The most obvious ex- 
planation seems to be that the differences are somehow related 
to differences in the degree of activity of the individual. 


The Diurnal Cycle of Egg Output 


At the time the data were being collected preliminary analysis 
of the data from night and day collections indicated this definite 
relationship to activity which has just been mentioned. There 
was also an indication that additional information would be 
needed for elucidating the factors involved. Consequently sepa- 
rate specimens passed according to the subjects’ natural habits 
were collected for 10 days for Cases I and II. The resulting data 
are presented in table 1. 

When the number of eggs per specimen and the urine volume 
per specimen for the two cases were plotted on a time scale, a 


diurnal cycle was noted. Three typical days are shown in fig- 
ure 2 for Case I and in figure 3 for Case II. The most obvious 
conclusions are that the urine volume is typically highest in the 
first morning specimen. as might be expected, and that the eggs 
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TaBLe 1 





Urine volume and egg output per specimen for Cases I and II over a 10 day 
period. The days were adjusted to begin after the first morning 


specimen for Case I and before the first morning 


specimen for Case II. 





Day 


47 


50 


51 


52 


53 





CASE I 
Urine Total 
volume eggs in 
Hour in ml. specimen 
0910 265 477 
1130 345 1,507 
1405 235 3,071 
1715 140 2,221 
0640 465 1,782 
0955 115 2,204 
1218 335 3,026 
1425 160 1,147 
1912 295 2,753 
0615 460 521 
0954 305 1,149 
1025 175 1,563 
1430 275 2,475 
1830 130 2.422 
2345 355 533 
0550 500 900 
0935 275 2,447 
1414 245 5,267 
2130 335 2,948 
0520 670 1,206 
1200 265 5,388 
2010 275 1,265 
0540 330 825 
1110 230 5,114 
2015 210 1,204 
0425 600 320 
0725 390 702 
1145 270 4,995 
1315 70 2,133 
2125 340 1,768 
0555 355 1,112 
0915 145 3,147 
1345 120 3,700 
0600 485 1,681 
1100 300 5,120 
1800 735 1,568 
2015 495 4,488 
0425 505 135 





CASE II 
Urine Total 
volume eggs in 
Day Hour in ml. specimen 

1 0630 90 6,860 
1140 155 8,644 

1330 55 23,313 

1830 200 13,770 

1930 100 5,333 

2 0540 260 2,696 
0930 125 1,608 

1330 165 10,846 

1530 100 17,489 

1650 195 9,142 

1920 110 6,630 

3 0540 250 6,157 
1110 125 11,556 

1345 160 16,853 

0005 175 5,386 

4 0700 260 2,572 
1050 90 9,425 

1325 55 20,021 

1400 15 11,989 

1540 50 12,113 

1830 100 7,822 

2100 100 5,142 

5 0630 160 2,244 
1110 120 4,339 

1330 50 18,177 

1550 60 8,240 

1620 40 14,047 

2040 130 1,189 

2300 170 1,500 

6 0600 325 995 
1135 140 3.445 

1620 220 16,115 

2030 140 8,567 

2330 125 7,703 

7 0630 230 1,290 
1020 190 1,191 

1305 115 20,516 

1800 225 11,312 
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Tas_e 1—Continued 


Urine volume and egg output per specimen for Cases I and II over a 10 day 
period. The days were adjusted to begin after the first morning 
specimen for Case I and before the first morning 
specimen for Case II. 








CASE I CASE II 
Urine Total Urine Total 
volume eggs in volume eggs in 
Day Hour in ml. specimen Day Hour in ml. specimen 
54 0925 370 3,207 2350 180 2,441 
1435 205 2,481 8 0700 175 5,481 
2355 465 2,155 1155 120 11,832 
0555 615 717 1800 120 30,582 
2130 100 18,945 
9 0630 160 2,210 
1140 130 6,185 
1610 125 39,057 
1900 110 8,183 
2140 85 11,293 
10 0600 185 1,192 
1055 175 1,597 


1440 100 13.208 
2015 275 10.173 
2355 115 6,351 





per specimen are low at this same time. After the first morning 
specimen, the succeeding urine specimens during the day tend 
to decrease in size, generally reaching a minimum early in the 
afternoon. The volume curve then tends to rise for the remainder 
of the 24 hours, reaching a maximum after the sleeping hours. 
The egg output in terms of eggs per specimen shows an almost 
exactly opposite tendency. Thus the smallest number of eggs 
generally appears in the large first morning specimen, or in the 
immediately following specimen if this occurs soon afterwards. 
The small mid-day specimens usually contain the largest num- 
ber of eggs. 

If the worms produced eggs at a constant rate throughout the 
24 hour period and if these eggs reached the lumen of the blad- 
der at a constant rate. the number of eggs in each specimen 
should be positively correlated with the number of hours since 
the last specimen. The volume of urine would also be expected 
to show positive correlation with time. On the basis of these as- 
sumptions there should be a positive correlation between eggs 
per specimen and urine volume. The facts as seen from the 
graphs do not support this hypothesis. 
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Fic. 2. Urine volume per specimen and eggs per specimen for three typical 
days of Case 1. 
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Fic. 3, Urine volume per specimen and eggs per specimen for three ty pical 
days of Case 2. 
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The most plausible hypothesis seems to be that some of the 
eggs are retained in the tissues during the quiescent sleeping pe- 
riod when the bladder wall is distending, with relatively few 
entering the lumen at this time. With contraction of the blad- 
der some of the eggs are then extruded and passed in the first 
morning specimen. The individual's activity during the early 
part of the day with more frequent urination and contraction of 
the bladder might cause the eggs which were retained during 
the night to be extruded in relatively large numbers. This hy- 
pothesis would explain the high egg counts in the mid-day speci- 
mens. Once the reserve of eggs had been removed from the tis- 
sues by these activities, the number passed would then decrease 
toward the average number being produced by the worms. 

To verify these conclusions the data were subjected to exten- 
sive analysis and reported in detail by Stimmel (loc. cit.). We 
will give only a brief summary here. Table 2 shows the mean 
values of the various factors concerned. Variation between speci- 


TABLE 2 


Mean values and their standard errors based on individual urine specimens 
for a 10 day period. 











CASE I CASE II 
Hours since last specimen....... 5.85 + .63 4.55 + .35 
Urine volume in ml............ 330 + 24 142 + 9.0 
Eggs per specimen............. 2.211 + 228 9,528 + 1,018 
Eggs per ml. of urine........... 9.4 + 1.3 108 + 20 





mens as related to the usefulness of single specimens in esti- 
mating the level of infection will be discussed later. The most 
fruitful analysis was by means of correlation and the analysis of 
variance in regression, the results of which are shown in table 3. 
The urine volume was shown to have a highly significant posi- 
tive correlation with the number of hours since the previous 
specimen, as might be expected. The other zero-order coefficients 
indicate that there is a tendency for the number of eggs per speci- 
men to be inversely related to the volume of the specimen and 
also to the length of time since the last specimen. The partial 
coefficients have the effect of showing how each of the two fac- 
tors, volume and time, is separately related to the number of eggs 
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when the other factor is held constant. The fact that all of the 
partial coefficients showed lower values than the corresponding 
zero-order coefficients indicates that neither volume nor time is 
separately related to the number of eggs. The multiple correla- 
tion coefficients, however, indicate that taken together these two 
factors are inversely related to the number of eggs. The multiple 
regression equation for Case I was Y = 3,475 — 65 X — 2.68 Z, 
and that for Case II was Y = 16.602 — 510 X — 33.46Z, where 
the symbols are those used in table 3. Although the multiple cor- 
relation coefficient for Case I is not indicated in the table as sig- 
nificant, the analysis of variance showed the multiple regression 
to be significant at about the 6 per cent level. That same factor 
for Case II was highly significant. 


TABLE 3 


Correlation coefficients between the hours since the last specimen (x), eggs 
per specimen (y) and urine volume per specimen (z). Statistical 
significance of values is indicated by * for the 5 per cent 
level and by } for the 1 per cent level. 








CASE I CASE II 
ER tah iby: ba ae —.28 —.35* 
eR Se iis ad oe wax —.35* —.39+ 
St en a OEE +.48+ + 54+ 
RS viata 25s ses kaee —.13 —.14 
NM Dra dos'igs Ae eae tiie —.26 —.24 
RE an oe eterna +-.36 +.41F 





From a practical viewpoint this analysis means that there is 
good statistical support for the conclusions reached by inspec- 
tion of figures 1 and 2. The daily cycle of egg output with a low 
number in the morning and increasing numbers until after mid- 
day and the opposite cycle of urine output are related to each 
other by more than chance, especially when time between speci- 
mens is taken into consideration. The point of greatest interest. 
which has been pointed out previously, is well substantiated by 
this analysis, namely that the long period between specimens 
during sleep results in large urine volume and small numbers of 
eggs. With increasing activity during the day and more frequent 
passage of small urine specimen’s there is a resultant high egg 
output. 
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Evaluation of a Single Specimen as an Estimate 


For clinical diagnosis of schistosomiasis and for estimating the 
prevalence of infection in epidemiological surveys a problem of 
great importance has been the differentiation of uninfected peo- 
ple from those infected people who are passing only the minimal 
number of eggs. Many publications have dealt with evaluation of 
various methods of diagnosing Schistosoma mansoni and S. japo- 
nicum under these conditions, the main problem being to find 
the eggs in the feces when they are scarce. In the case of S. hae- 
matobium it is relatively easy to find the eggs if they are present 
in the urine. The chief problem here is the type of case which 
passes so few eggs that they do not appear in every specimen of 
urine. Our data do not provide direct evidence on this point since 
no specimen in the series was without eggs. Indirectly it might 
be inferred from the diurnal cycle observed in these cases that, 
in cases passing very few eggs, the early morning specimen 
would be least likely to contain eggs. To this extent we can sup- 
port the conclusion of Bennie (1949) that the commonly recom- 
mended practice of taking the early morning urine as the pre- 
ferred specimen for diagnosis is fallacious. As far as we can judge 
from our cases the best specimen to take would be the first one 
passed after noon. In Case I this specimen contained the largest 
number of eggs passed during the 24 hour period on 6 days but 
not on the other 4 days. In Case II this specimen contained the 
largest number on all 10 days. Whether the same results would 
follow in cases passing fewer eggs is a matter of speculation. 

Our data provide more satisfactory conclusions on the validity 
of using the number of eggs in a single specimen for estimation 
of the level of infection. Here we have the same difficulty of speci- 
fying which specimen should be taken. Since such counts will 
probably never have an absolute value but will only be used to 
estimate the relative egg output of different groups of people. 
the variability is more important than the mean count. On the 
other hand it would be inadvisable to use the first morning speci- 
men since prevalence will also need to be determined simul- 
taneously. The means and coefficients of variation of the egg con- 
tent of various types of specimens are shown in table 4. The first 
morning specimen was chosen as the first one passed after aris- 
ing and did not include the few passed shortly after midnight. 
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This specimen is not always the lowest in egg content but aver- 
ages only slightly above the lowest. It has a relatively high co- 
efficient of variation and from all viewpoints would be the poor- 
est specimen to use. The specimen with the highest number of 
eggs not only gives the best estimate of prevalence but also has 
the lowest variability. It is of course impossible to specify in ad- 
vance that such a specimen should be taken. The best approxi- 
mation is the first afternoon specimen. In Case II this is always 
the specimen with the highest count. In Case I the mean of the 
first afternoon specimen is lower than that of the highest speci- 
men and the variability is higher, but from either viewpoint it is 
better than a random specimen taken at an unspecified time. 


TABLE 4 


Means, standard errors and coefficients of variation of egg content for all 
specimens for the 10 day period, for the first morning specimen each 
day, for the first afternoon specimen, for the specimen with 
the lowest number of eggs, and for the specimen 
with the highest number of eggs. 











CASE I CASE II 
Mean SE CV Mean SE CV 
All specimens ...... 2,211 +227 66 9,528 +1,018 80 
Lowest specimen . . . 712 +142 60 2,716 + 607 66 
First morning ..... 921 +171 56 3,170 + 687 65 
First afternoon .... 3.031 +446 44 21,533 +2,457 34 
Highest specimen .. 4,136 +360 26 21,533 +2457 34 





Discussion 


No attempt has been made to thoroughly review the literature 
on the problem of making a negative diagnosis when no eggs are 
found on examination of a single urine specimen. Many authors 
have commented on the problem but few have published data. 
It seems obvious that the probability of finding eggs in a single 
specimen must be in some way proportional to the average num- 
ber of eggs being passed over a period of time. It is to be hoped 
that someone will make a longitudinal study of cases passing 
relatively few eggs. 

Part of this problem is the question of which specimen should 
be taken to insure the highest probability of finding eggs. We 
have not been able to locate the original source of the frequent 
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recommendation to take the last portion of the first morning 
specimen. Nor can we find any evidence supporting such a 
recommendation. As already stated, our data appears to substan- 
tiate the conclusion of Bennie (1949) that this is probably the 
poorest specimen to take. Our data indicate that the first speci- 
men passed after noon would probably be the best for this 
purpose. 

This problem of making a positive or negative diagnosis is of 
primary importance to the clinician. It is also important to the 
epidemiologist, but whereas the clinician deals with the indi- 
vidual case, the epidemiologist deals with groups of cases. The 
epidemiologist does not need to identify every positive case, but 
can collect data for the purpose of mathematically correcting 
deficiencies in the prevalence rates. The above mentioned longi- 
tudinal study of cases passing small numbers of eggs should 
establish such correction factors. 

Our principal interest in the present study has been concerned 
with the problem of measuring the intensity of infection in cases 
known to be infected. Whether or not this can be done success- 
fully by counting the eggs passed depends on further study of 
various aspects of the problem. There should be a clear under- 
standing as to what is envisioned by those who advocate the pro- 
cedure. No one who has studied such problems has advocated at- 
tempting to assess the level of intensity of individual infections 
except by prolonged study. which would be prohibitive in epi- 
demiological work. The argument has been that on the average 
the intensity of infections in a group of persons, more or less 
homogenous as to age and sex, should be reflected in the average 
egg count. The opponents of such procedures have either failed 
to grasp this distinction between individuals and groups or have 
distrusted the statist cal interpretations which must be placed on 
results of group studies. In spite of the many criticisms of the use 
of egg counts. the method has proved to be very fruitful in the 
case of intestinal nematodes, providing interpretations have been 
made with the proper caution. 

The application of similar methods to schistosomiasis will in- 
volve certain difficulties not present in nematode infections. The 
principal factor is that the eggs are not laid directly in the lumen 
of an organ opening to the exterior and consequently fibrosis of 
the tissues in cases infected for a long time may interfere with 
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the passage of eggs. The first step in determining whether such 
methods will be feasible would appear to be a determination of 
the variability of egg output from specimen to specimen in the 
same individual. 

Bennie (1949) studied a series of specimens from one case but 
was not interested in this aspect of the problem. Since she used 
only the last portion of each specimen, the data cannot be used 
to provide a measure of variability. Gerritsen et al. (1953) col- 
lected consecutive 12 hour specimens from 8 cases for about 10 
days. When their data are converted to a 24 hour basis the coeffi- 
cients of variation from day to day range from 52 to 112 per cent. 
Since the cases were subjected to unusual living conditions, it is 
not unexpected that the variability is greater than in our cases. 
Blackie (1932) considers the problem of using egg counts as a 
measure of intensity. The abstract of his paper by Clayton Lane 
in the Tropical Diseases Bulletin gives the impression that he 
looks with disfavor on the idea. Bennie (1949) quotes him out 
of context and gives a similar impression. Our impression from 
reading the original paper is quite different. He states. “It was 
frequently noted that daily specimens from the same individual 
showed considerable variation in the number of eggs present.” 
He does not support this statement with data. He also states. 
“While it is realized that the number of schistosome eggs found 
in a given sample of urine cannot be regarded as an accurate 
index of the intensity of infection . . .,”” and then explains how 
he divided his cases into “light, moderate and heavy infections” 
by the ease of finding eggs in the specimen. He states further. 
“A general impression can be formed of the intensity of urinary 
infection from the method of recording the microscopical find- 
ings.” These grades “refer only to the number of parasites pres- 
ent in the host,” and are not to be taken as an “index of gravity 
of pathological changes.”’ He uses these grades throughout his 
survey and clearly indicates his belief that the number of eggs 
passed do on the average reflect the number of worms present. 
By implication he also seems to infer that the pathological dam 
age would on the average be correlated with the intensity. 

In the many studies of intensity of nematode infections about 
two decades ago an attempt was made to correlate the egg output 
with the number of worms present and secondarily to correlate 
the number of worms with the clinical damage. It was found 
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later that the more direct correlation between egg output and 
clinical damage was more useful for comparative studies. Egg- 
worm correlations will be impossible in schistosomiasis, but the 
possibility of correlation of egg output with clinical damage 
should be explored. Before this can be done it will be necessary 
to show that the egg output can be adequately estimated on the 
average by examination of the amount of urine or feces which 
can be collected in a routine survey. On this latter point the 
present study provides some evidence. 


In a routine survey about the best that can be expected is the 
collection of one entire urine specimen. Part of a specimen would 
be adequate if it were known to be representative of the whole. 
Further study needs to be made as to whether there are equal 
concentrations of eggs in the first and last parts of the passage. 
If an entire passage is requested without specifying at what time 
of day it should be passed, there will be a question of whether it 
would be a truly random one. Would there be a tendency in the 
population group under study to present a disproportionate num- 
ber of specimens passed at one time of day? If the time is speci- 
fied there will always be the question as to whether instructions 
were followed. Probably the most practical procedure would be 
to request any complete specimen and then attempt to obtain a 
record of the actual time of passage for at least a representative 
sample of the population. Some correction to the data could then 
be applied. 

The coefficients of variation of eggs per specimen for truly 
random specimens for the two cases studied were 66 and 80 per 
cent. If these figures are used to establish confidence limits they 
appear unreasonably high. But if one considers the fact that esti- 
mates will not be made of individual infections, but only of the 
mean of groups, the indicated variability would be within rea- 
sonable limits and no higher than those successfully used in the 
study of nematode infections. If one could obtain the first after- 
noon specimen the variability would be cut in half, and even the 
first morning specimen would give some advantage over a ran- 
dom specimen except for the possible danger of missing light 


cases. 
There is also the possibility of using eggs per milliliter of 
urine as the unit of measure rather than eggs per specimen. If a 
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specified quantity were to be taken from specimens representing 
only part of a passage, the problem of even distribution in the 
first and last portions would again arise. For determining preva- 
lence Scott (1937) used eggs per 50 ml. of urine, which quantity 
was taken after stirring a specimen representing a complete 
passage. The data from the 10 day period of each of the two cases 
were studied from this point of view. The distribution by speci- 
mens of eggs per milliliter was extremely skewed, most speci- 
mens containing relatively few eggs. Coefficients of variation on 
this basis were 87 per cent for Case I, and 131 per cent for Case 
II. It is doubtful whether these coefficients based on skewed dis- 
tributions should be directly compared with those mentioned 
previously, all of which were based on reasonably symmetrical 
distributions. Transformations showed the skewed distributions 
to be approximately log-normal with geometric means of 5.8 and 
53.4 eggs per ml. respectively. Coefficients of variation calculated 
on the logarithmic scale were 63 and 32 per cent respectively. 
Converting to the basis of 50 eggs per ml. resulted in coefficients 
of variation on the logarithmic basis of 20 and 16 per cent respec- 
tively. In general the use of such coefficients based on trans- 
formed variables must be interpreted with care. Since distribu- 
tions of eggs per 50 ml. in a cross section of the population were 
also found to be log-normal in the populations reported by Scott 
(1937), these latter coefficients of variation would seem to be 
applicable. 

More studies of variability of output at various levels of in- 
tensity and with varying degrees of chronicity will certainly be 
needed before quantitative estimation can be attempted. In light 
of the present findings, however, the possibility does not look as 
hopeless as some have thought. As far as the variability of egg 
output is concerned a single specimen or even part of a specimen 
from enough people to represent a cross section of a population 
should be sufficient to estimate the average level of the output in 
the population. Other studies will be needed to show that such an 
estimate is correlated with the amount of damage being done by 
the infections. 
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EFFECTS OF THE BLOOD DERIVATIVE, SANGUININ, 
ON PLANT TISSUE (LUPINUS ALBUS)* 


Dororuy M. WHITNEY AND Mario PAvaAn 


The biological activities of unpurified Sanguinin, a bovine 
blood derivative, have been demonstrated by its stimulating effect 
on granulation tissue in wounds of man and animals (Nilasena 
et al., 1954; Mullins et al., 1954; Bader, 1952) and its inhibiting 
effect on bacterial growth (Anigstein et al., 1950; Whitney et al, 
1950). It was of interest to investigate whether a cellular response 
from growing plant tissue could be expected, inasmuch as one of 
us (M. Pavan) had demonstrated marked inhibitory effects on 
growth of roots of Lupinus albus placed in contact with iridomyr- 
mecine (Pavan, 1955), a biologically active product of animal 
origin. 

Materials and Methods 


Sanguinin, a lyophilized product derived from bovine blood by proteolytic 
enzyme hydrolysis, was prepared at the University of Texas Medical Branch 
(Whitney et al., 1950). The standard Macht test (Macht, 1941) used to evalu- 
ate effects of various pharmacological compounds on the development of ger 
minating seedlings was adapted to the study of Sanguinin. Seeds of Lupinus 
albus, large Italian variety, soaked in water 24 hours, were germinated in 
sand 2 or 3 days until the roots reached 30 to 40 mm. in length. They were 
then divided into 4 groups of 15 seedlings each, and initial measurements 
recorded, The roots of one group of seedlings were immersed in Shive nutrient 
solution (Macht, 1941), to which 1 mg. Sanguinin/ml. was added, each 
seedling in a separate tube. A second group of seedlings was treated in the 
same manner with 0.1 mg. Sanguinin/ml. A third group of germinating seeds 
was similarly grown in tubes containing 0.05 mg. Sanguinin/ml. Shive 
medium. A fourth group was placed in tubes containing only the nutrient 
medium. All 4 groups were allowed to develop in the dark at 20° C, and at 
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1, 2, and 5 days, observations were made and measurements of the roots were 
recorded. At 2, 5 and 9 days direct silhouette prints were made on photo- 
sensitive paper of 3 developing seedlings chosen at random from each group 
of 15. 


Results 


Growth of roots of Lupinus albus in Shive medium ( containing 
1.0 mg. Sanguinin/ml.) was inhibited significantly by 1.0mg./ 
Sanguinin just as shown by statistical analysis (Table 1). Begin- 


TABLE | 


THE MEAN AND THE STANDARD ERROR OF THE LENGTH OF THE ROOTS OF LUPINUS ALBUS 
1M MILLIMETERS, GROWING IN SHIVE MEDIUM WITH VARYING AMOUNT OF SANGUININ, 
1S BEANS TO A GROUP AT |, 2, AND & DAY INTERVALS. 
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ning with first day of observation, the mean, 63.1 mm. of the 
Sanguinin treated group was considerably lower than the mean 
of controls measuring 70.5 mm. On the second day the mean root 
length of the Sanguinin treated group was 75.3 mm. as compared 
with 90.9 mm. in the controls. Roots became deep brown and 
showed a marked increase in diameter with lateral splitting of 
outer cel] layers. In 5 days, the mean of the Sanguinin treated 
group was 118 mm., that of controls. 136 mm. This stunting of 
growth was highly significant by the “t” value and the corre- 
sponding P value, which was 0.01. 

Obversely, when the concentration of Sanguinin was reduced 
to 0.1 mg./ml. Shive nutrient medium, a stimulating effect on 
root growth was found. While growth acceleration was noted on 
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the first day, the differences in lengths of the treated and un- 
treated roots became statistically highly significant on the second 
day (97 mm. as compared with 90.9 mm. of the controls). On 
the fifth day, root growth showed a highly significant acceleration 
in the Sanguinin treated group with a mean of 157.3 mm. as com- 
pared with the control mean of 136.0 mm. 

Acceleration of growth of the roots was also noted in the series 
of developing seedlings treated with 0.05 mg. Sanguinin/ml. 
medium, but to a smaller degree than those treated with 0.1 mg. 
Sanguinin /ml. 

Tables 2 and 3 show graphically the development of roots of 
Lupinus albus in concentrations of Sanguinin used, the inhibitory 


Table 2 


Growth curves in mm of the roots of 
Lupinus albus in varying concentrations 
of Sanguinin in Shive medium, based on the mean 
root length of 15 beans to a group at 1,2 and5 
day intervals. 
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Teble 3 


Grophic presentation of the growth in mm of the 
rootsof Lupinus ocibus in vorying concentrotions of 
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effect of 1.0 mg. Sanguinin ml., the stimulatory effect of 0.1 mg. 
Sanguinin/m]., and the weaker stimulatory action of 0.05 mg. 
ml. concentration. 

Although both inhibitory and stimulatory effects of Sanguinin 
on the developing roots were highly significant, it was also noted 
that in al] concentrations. the lateral roots were more abundant, 
and the foliation more advanced at the 9 day period than seedlings 
not treated with Sanguinin. 


Summary 


Lupinus albus seedlings under standard conditions of the 
Macht test, when kept in various concentrations of unpurified 
Sanguinin (1.0, 0.1, 0.05 mg./ml. Shive nutrient solution) ex- 
hibit significant cellular responses. In the highest concentration 
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used, the roots were inhibited in longitudinal growth and at the 
same time were increased in diameter. On the other hand, the 
lower concentrations of Sanguinin exhibited marked stimulatory 
effects on roots of developing seedlings. Enhancement of growth 
of lateral rootlets and foliage was noted in all concentrations at 
the end of 9 days. 
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EFFECT OF CERTAIN DYES ON GROWTH IN VITRO 
OF ENDAMOEBA HISTOLYTICA 


ATHANASIUS EuL Joon Yoo* AND G. A. EMERSON 


Dyes have been of prime interest in experimental chemo- 
therapy ever since they were studied systematically almost 50 
years ago in experimental trypanosomiases by Ehrlich (1907); 
the first effective sulfonamide was later discovered through the 
activity of its azo dye. Further interest in dyes arises from the 
lore accumulated in Chinese medicine over some 4,000 years of 
clinical experience contributing to theories of action of colored 
agents, based on biotrepologic concepts of specifically favorable 
colors for individual organs of the body affected by disease. 

In vitro study of susceptibility of pathogens to chemical agents 
does not invariably result in information of value in developing 
new chemotherapeutic agents. Generally good correlation exists 
between in vitro amebacidal actions and clinical effectiveness of 
representative agents now used in amebic dysentery, even with 
full appreciation that certain agents in either instance may exert 
their major effect against symbiotic bacteria rather than directly 
against the pathogen. In contrast, in vitro estimations of fungi- 
cidal activity may be of little value since forms of certain patho- 
genic fungi in tissues differ morphologically, and probably func- 
tionally, from those grown in vitro (Dennis et al., 1955). 

Toxicity to the patient of amebacides active in vitro is a decid- 
ing factor in determining their clinical usefulness (Rinehart and 
Anderson, 1931). The tremendous variation in toxicity of differ- 
ent dyes to man has frequently been forgotten as a consideration 
in their relative usefulness as chemotherapeutic agents, exempli- 
fied in experimental clinical therapy of a mycobacterial infection 
(Ryrie, 1933). 
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Certain dyes have previously been tested as amebacides. Conn 
(1946) notes that brilliant cresyl blue is an amebacide; in the 
present study, 0.1 % of this dye did not inhibit growth of Enda- 
moeba histolytica in a liquid egg-yolk-liver medium. Sah (1950) 
notes amebastatic concentrations in a similar medium of 5 bisazo 
dyes derived from tetrazotized bis(4-aminopheny]) sulfone and, 
respectively, 3,5-diaminobenzoic acid, as 0.1%; 2-methyl-1,4- 
naphthohydroquinone, as 0.1%; p-aminobenzoic acid, as 0.2%; 
phloroglucinol, as about 0.2% ; and 8-amino-1 -naphthol-3,6-disul- 
fonic acid, as >0.2%. 

For screening purposes, and to further both biochemorphic and 
biotrepologic knowledge in this field, tests were made of the in 
vitro activity of 21 dyes against vegetative E. histolytica grown 
in Balamuth’s medium (Balamuth, 1946). 


Materials 


In clinical material, as usually isolated, gas-forming bacterial 
contaminants confuse results of estimations of amebacidal effects 
of agents in diphasic media such as Endamoeba Medium (Difco) 
used according to recommendations of Cleveland and Collier 
(1930). Such cultures, isolated by Miss Alberdena Ruysenaars 
of the Department of Bacteriology and Parasitology, University 
of Texas Medical Branch, could not be freed of gas-forming bac- 
teria by incorporation of various antibiotics in the medium. 

Dr. Robert Yeager, of Tulane University, generously supplied 
us with a strain of E. histolytica which grows well in a modified 
Balamuth’s medium, accompanied only by slight growth of a 
small bacillus. Since factors of precision in preparing exact con- 
centrations of agents are greatly simplified by using liquid rather 
than diphasic media, Balamuth’s medium is superior for screen- 
ing-tests of amebacides, regardless of the presence or absence of 
gas-forming organisms. 

A modified Balamuth’s medium used in all of the present study 
was prepared according to suggestions of Dr. Yeager, as follows: 


Thirty-two fresh eggs are placed in boiling water or flowing steam for 15 
minutes. Their yolks are homogenized with 1000 ml. of 0.8% NaCl solution 
in a Waring Blendor, and heated at 80° C. for 20 minutes, with frequent 
stirring. To the cooled suspension, 160 ml. of water are added, and the bulk 
of the pulp is separated from the aqueous phase by squeezing the mixture 
through a thick cotton towel. The volume of the turbid, yellow, aqueous phase 
is made up to 1000 ml. by addition of 0.8% NaCl solution. This crude extract 
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is then placed in two 1 L. flasks, autoclaved at 121° C. for 20 minutes, and 
allowed to remain overnight at 3° C. It is then filtered through 2 pieces of 
Whatman No. 3 paper, with moderate vacuum; only small amounts are 
added to the filter at any time, and the filter papers are replaced frequently, 
as indicated by the nature of the filtrate, in order to ensure a clear filtrate. 
An equal volume of M/15 phosphate buffer of pH 7.5 and 5.0 ml/L. of Crude 
Liver Extract No. 408 (Eli Lilly and Co., Indianapolis) are added to the 
filtrate. The medium is dispensed in 4.8 or 9.6 ml. aliquots in test-tubes, and 
autoclaved at 121° C. for 20 minutes. Approximately 400 tubes containing 
4.8 ml. of medium may be prepared from 32 eggs. 

Tubes of this medium are kept at 3° C. until used, at which time a large 
loopful of sterile rice powder (ca. 10 mg.) is added aseptically. In preliminary 
tests with diphasic media, a sterile, freshly ground rice powder proved more 
stimulant to growth than a commercial preparation of rice powder, and so was 
used for all of the present study. 


The 21 dyes used were obtained from various commercial 
sources, and most were certified by Dr. H. J. Conn, of the Bio- 
logical Stain Commission. Concentrations used in all of the pres- 
ent studies were adjusted to conform to the declared dye content 
of each sample of dye. 


Methods 


Before addition to the sterile medium and immediately before 
inoculation, dyes were dissolved in 0.85% NaCl solution and 
filtered through a sterile Morton filter (Morton, 1944). Further 
dilution of the filtered dye solutions was made with sterile 0.85% 
NaC] solutions to permit exact measurement of final concentra- 
tions of dye in the medium, over the range of 10-* to 10°. 

Inocula were prepared from cultures in Balamuth’s medium 
after 48 hours of growth, with previous subcultures made each 
48 hours by transfer of 0.2—0.4 ml. of sediment from the bottom 
of tubes of cultures grown for 48 hours. Inocula into the dilutions 
of dyes in the medium were also 0.2/4.8 ml. or 0.4/9.6 ml. 

Sediment from each experimental culture tube was examined 
microscopically after 48 hours of incubation at 37 + 2° C, for 
numbers of E. histolytica present and their motility. Absence of 
motile organisms was taken as the criterion of the inhibitory 
effect of the dye tested. 


Results 


Of the 21 dyes tested, four were effective at a concentration of 
0.01% but not at 0.001%. These dyes were naphthol green 
(naphthol green B, green PL, acid green O). auramine (auramine 
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0, canary yellow, pyoktaninum aureum, pyoktanin yellow), 
pararosaniline (magenta O, basic rubin, parafuchsin, parama- 
genta), and rose bengal (rose bengal extra, 3B conc., N extra, DY, 
B and 2B). These are, respectively, nitroso, diphenylmethane, 
triamino-triphenylmethane and fluoran dyes. 

Eight dyes were active at a concentration of 0.1% but not at 
0.01%. These were gentian violet (a poorly defined mixture of 
violet rosanilines), methyl blue (cotton blue, helvetia blue), 
iodophthalein (tetraiodophenolphthalein), azure A (dimethyl- 
thionin), Nile blue sulfate (Nile blue A), celestine blue (celestine 
blue B, coreine 2R), toluidine blue (toluidine blue O, methylene 
blue T 50, methylene blue T extra) and toluylene blue (a homo- 
logue of Bindschedler’s green). These dyes represent a hetero- 
geneity of chemical structures. 

Nine dyes were ineffective at a concentration of 0.1%. These 
were malachite green (Victoria green B, Victoria green WB, new 
Victoria green extra, O, I, II, diamond green B, BX, P extra, solid 
green O, light green N), ethyl] violet (ethyl purple 6B), methy] 
orange (orange II, helianthin, gold orange MP, tropaeolin D), 
Magdala red (naphthalene red, naphthalene pink, naphthyla- 
mine pink, Sudan red), xylene cyanole FF (cyanol FF), azure C 
(monomethylthionin), Niagara sky blue (pontamine sky blue 
6BX, Niagara sky blue 6B, direct sky blue), brilliant cresyl blue 
(cresyl blue 2RN, cresyl blue BBS, brilliant blue C) and Evans’ 
blue (a homologue of trypan blue, differing in position of sulfo- 
nate groups). These agents also represent a heterogeneous group 
of chemical structures. 


Discussion 


In the concentrations used, none of the dyes significantly 
affects the pH or causes other gross physicochemical changes in 
the medium other than its color, Finer, undetermined physico- 
chemical effects may well be due to specific removal of trace 
nutrients, but such effects may equally be considered reasonably 
as direct effects upon components of the pathogen. 

Activities of the dyes tested show no gross biochemorphic rela- 
tions. Absorption of visible light at specific wavelengths is a 
fastidious index of electron distribution in organic compounds 
and so of finer structural relations than may be apparent grossly 
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from structural formulae (Henrich, 1922; Brode, 1955). How- 
ever, chromogenicity and other attributes of color are unrelated 
to the amebacidal activities of the dyes studied. 

Toxicity of possibly effective doses of the dyes studied probably 
precludes serious consideration of even the more effective dyes 
for clinical trial in amebic dysentery. Rose bengal, for example, 
might possibly be useful clinically if concentrations above 10 mg. 
% could be obtained in all loci containing amebae; the maximum 
intravenous dose of this agent considered safe for liver-function 
tests is only 3 mg./kg. (Sollmann and Hanzlik, 1939). This dose 
corresponds to a concentration of 0.3 mg. %, and toxic symptoms 
have occurred even with this dose. 


Summary 


Twenty-one dyes were tested in Balamuth’s medium for inhi- 
bition of growth of E. histolytica, in concentrations of 10~ to 10~. 
Of these dyes, naphthol green, auramine, pararosaniline and rose 
bengal are effective in concentrations of 0.01% but not 0.001%. 
Gentian violet, methyl blue, iodophthalein, azure A, Nile blue 
sulfate, celestine blue, toluidine blue and toluylene blue are 
effective at 0.1% but not 0.01%. Malachite green, ethyl] violet, 
methyl! orange, Magdala red, xylene cyanole FF, azure C, Nia- 
gara sky blue, brilliant cresyl blue and Evans’ blue are ineffec- 
tive at 0.1%. 
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INTRODUCTION 


R. Lee Cuiark, Jr. 


Director and Surgeon-in-Chief 


Research in biology, biochemistry, pathology and related fields 
may eventually answer the questions of what abnormal growth 
is, how it comes about, and how it is to be controlled. For this 
reason, The University of Texas M. D. Anderson Hospital and 
Tumor Institute inaugurated an annual symposium on funda- 
mental cancer research in 1946. The aim was to have speakers 
of outstanding research reputation take part in the meeting and 
thus establish and maintain a gathering where important current 
research would be reported, discussed and evaluated. 

This year, for the first time, the first day of the symposium 
was devoted to reviews by the principle investigators of fifty-two 
research projects currently under investigation at The University 
of Texas M. D. Anderson Hospital and Tumor Institute. In order 
that the day be of more value than simple reporting, a research 
consultant panel was invited to question and discuss the projects. 
Members of the committee were: Dr. Murray Copeland, chair- 
man of the Cancer Control Committee, National Cancer Institute; 
Dr. J. Murray Luck, President of the American Society of Bio- 
logical Chemists; Dr. Theophilus S. Painter, Distinguished Pro- 
fessor of Zoology, The University of Texas; Dr. Frederick S. 
Philips, Research Consultant, American Cancer Society; Dr. 
C. P. Rhoads, Director of Sloan-Kettering Institute and member 
of the National Research Council; Dr. C. W. Shilling, of the 
Division of Biology and Medicine, Atomic Energy Commission. 
This committee gave constructive suggestions on many of the 
projects. In the future, it will be most interesting to follow the 
Annual Research Progress Reports, which hereafter will be pre- 
sented on the first day of the Symposium. 

The high point of the Symposium is the presentation of the 
Annual Bertner Foundation Award and delivery of the Bertner 
Lecture. Established in 1950, to honor the first acting director of 
M. D. Anderson Hospital and the first president of the Texas 
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Medical Center, the late Dr. E. W. Bertner, the award is pre- 
sented in the form of a medallion to a person who the Awards 
Committee feels has made an outstanding contribution to the 
field of cancer research. 

Recipient of the Sixth Bertner Foundation Award was Dr. 
Jcseph C. Aub, professor of Research Medicine, Harvard Medical 
School and Director of Medical Laboratories at the Collis P. 
Huntington Memorial Hospital, Massachusetts General Hospital, 
Boston, Massachusetts. Dr. Aub, in over 40 years of active re- 
search, has felt that his greatest responsibility was to his young 
associates, and in encouraging them. he could thus provide for a 
continuity of research for the complex field of cancer study. Of 
no less importance are the scientific contributions he has made, 
such as the studies of metabolic physiology, in which he estab- 
lished the methods which are the foundation for present day 
metabolic studies—studies which are being recognized for their 
increasing importance toward a true understanding of cancer. 

In this issue of Texas Reports on Biology and Medicine, Part I 
of the Symposium papers will appear, accompanied by the Bert- 
ner Lecture. Part II of the Symposium, Nucleic Acid and Metabo- 
lism, will appear in the spring issue of the journal. 

Each year, the complete papers of the Symposium have been 
published in Texas Reports on Biology and Medicine, through the 
courtesy and cooperation of the editor. We wish particularly to 
thank Dr. John G. Sinclair, editor of the journal, for his splendid 
ccoperation in carrying on the tradition of having the papers 
presented at this Texas meeting appear in this well-recognized 
Texas journal. 
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CANCER RESEARCH IS GROWING UP 


JosepH C. Aus, M.D.* 


We are all gathered here tonight really to honor the well 
known surgeon Dr. Ernst Bertner, for this award was named after 
him because of his remarkably active and successful medical life. 
He was always interested in cancer and he served as acting di- 
rector at the M. D. Anderson Hospital during its formative first 
four years. He had been a vice president of the American Cancer 
Society and shortly before his death received an American Can- 
cer Society award for distinguished service in cancer research. 
He died a victim of the disease to which he had given so much of 
his life. He also taught and was professor and chairman of the De- 
partment of Gynecology at Baylor University College of Medi- 
cine. His 61 years were filled with the activities and good deeds of 
an over-busy surgeon and, most important, I am told by those 
who knew him, filled with the amenities of good friendship. 

It is a great pleasure of course to accept the Bertner award, 
particularly for me this year because my retirement from the 
University is imminent. Therefore, it has occurred to me that 
this is a suitable time to review laboratory research in cancer 
from 1929 when I started, to the present time. In 1929, cancer 
research was dominated by pathologists, and the meetings of the 
Cancer Research Society were largely occupied with the patho- 
logical appearance of tumor cells. Cancer research was for the 
most part done with transplantable tumors, except for the pro- 
duction of animals’ own tumors by tar. In 1930 a new field was 
opened by the lovely purification and isolation of carcinogenic 
agents by Kennaway and Cook. Since then it has been easy to 
make animals produce tumors from their own body cells, The 
biochemical approach had ‘been opened by the interesting work 
of Warburg in 1925. 

My preparation for studying cancer was a good many years of 
physiological and chemical investigation of the internal secre- 





* Medical Laboratories of the Collis P. Huntington Hospital of Harvard 
University at the Massachusetts General Hospital, Boston. This is publication 
No. 884 of the Cancer Commission of Harvard University. 








476 Aub 


tions, followed by studies of lead poisoning, which led to our pi- 
oneering in calcium metabolism. It was natural that I should 
want to use my physiological training, and our first laboratory 
activities were to try to control liver regeneration in the rat. 
These experiments were undisciplined, and they quickly taught 
us that liver regeneration was very complicated and compulsive. 
In 1930, I presented the problem of our future orientation to the 
Harvard Cancer Commission. We could probably write many 
papers if we devoted our time to techniques for producing tumors, 
or we might be quite unproductive but have a chance to really 
make fundamental progress if we studied normal and pathologi- 
cal growth and regeneration. Nothing really being known about 
the control of growth, we wanted to attack the fundamental prob- 
lems and try to influence normal and abnormal growth and to 
learn the fundamental influences involved. The Harvard Cancer 
Commission was composed of men of good and considerable 
judgment. After a lengthy discussion, they agreed that the study 
of growth was the fundamental approach, and, therefore, the 
wiser one. Since that time our laboratory has worked on such 
problems. 

While I feel certain that the right decision was made at that 
time, for the following fifteen years it was not generally con- 
sidered so by influential workers in the country. It has only been 
in the last ten years that normal and abnormal growth has been 
generally considered a suitable subject for fundamental cancer 
investigations. There are two ways of approaching the cancer 
problem. One is at the bottom of the pyramid where fundamental 
knowledge should be sought. The other approach is at the top of 
the pyramid of knowledge of a disease. In this area, the control of 
the disease and efficient treatment are the goals. Our laboratory 
works at both levels now, but the greater stress is devoted to the 
fundamental approach in a rather typical way. In my lifetime, 
one gets closer and closer to the subject at hand. First, we were 
very remote, having to be content to study urine and stools or 
respiratory exchange. Then new techniques came in for analyz- 
ing the blood. But this, too, was remote from fundamental ab- 
normalities. Now, in the last ten years, we have been learning 
rapidly how to dissect the cell chemically, to see what parts of 
the cell are involved in different metabolic reactions, and, in this 
way. to see how the reactions of cells of one organ differ from 
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those of another. It takes energy to divide, hence it is important 
to know how and where the energy is derived in cells which are 
dividing as often as cancer cells. Of course, the whole country is 
in full cry in this search for the cause and cure of cancer. It 
would be manifestly impossible to cover this field in a short talk. 
I cannot even do justice to the groups in our laboratory. But it is 
their work which I would like to describe brifly for you now. 

First, normal regeneration—one of our perpetual problems, 
and this is now Dr. Nancy Bucher’s pet project. Some years ago, 
she made a beautiful observation. She sewed three sibling rats 
together. After three or four months she then removed ° of the 
livers of the two outside partners. The control amount of cell di- 
vision could be determined by counting the two partial livers 
removed. The central rat was intact except that its blood was 
mixed with the other two and this apparently produced a very 
high rate of cell division in the liver of the intact animal. The 
rate of cell division of other organs was not higher than normal, 
showing the extraordinary specificity of this cellular function. 
Obviously something carried in the blood stream made these 
liver cells divide—but all the experiments which she has done 
subsequently have failed to demonstrate the factor. Thus pro- 
longed transfusion with blood from hepatectomized rats or de- 
pletion of plasma proteins, for example, produce no increase of 
cell division. 

She then turned to cholesterol synthesis in the liver as a syn- 
thetic activity possibly related to cell division, It was known that 
this could be made from radioactive citrate by slices of liver tis- 
sues. But this had never been produced by homogenates, prepara- 
tions of broken-up cells, in which no intact cell remained. She 
promptly accomplished this by using a poorly fitting tool, and 
this allowed the study of what parts of the cell are involved in the 
synthesis. Now she has demonstrated that cholesterol is made by 
two factors in the normal cellular cytoplasm—the microsomes 
and the structureless fluid. It is not too much to expect that the 
mechanisms involved in this synthesis will soon be well elu- 
cidated by her and other workers in the country. 

Dr. Paul Zamecnik, has a very distinguished group of young 
scientists around him, and they are dedicated to the problem of 
how proteins are synthesized in body cells. Their hope is that a 
clearer understanding of this fundamental problem will provide 
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insight into the rapid, poorly regulated rates of protein synthesis 
of neoplastic cells. These extraordinarily complicated and spe- 
cific compounds can now also be made in homogenates, and the 
parts of the cell can be separated one from the other by varying 
speeds of centrifugation. Thus the areas in the cell which are 
used for synthesizing can be determined. The new proteins are 
recognized by using tagged amino acids. These building blocks 
of the proteins are made by Dr. Loftfield with radioactive carbon. 
The tagged amino acid can be recognized in the finished protein. 

During the past year this group has learned much of the 
source of energy and the mechanism of uniting amino acids into 
proteins. How amino acids are lined up in order is indeed a 
problem. 

All such metabolic transformations and also cell division and 
growth require energy, much of which comes from high energy 
phosphorus compounds. Doctors Scott and Taft have developed 
handsome micro techniques for analyses for these compounds in 
such a way that the amounts of different phosphorus compounds 
can be determined per cell. With rat livers prepared by butter 
yellow, one can progress from nearly normal through cirrhotic 
to hepatoma cells in serial sections. Their methods are so designed 
that frozen serial sections of tissues can be used in which the first 
is for microscopic characterization. and the next four or five sec- 
tions are chemically analyzed. Thus quantitative results on a 
known number of cells become available. The ratio of acid solu- 
ble phosphorus compounds and of ribonucleic acid appears to be 
different in cancer than in the other liver constituents which they 
have measured. The importance of this abnormality is not clear. 

The activities already described deal with chemical dissection 
of the cells, and the last decade will probably be remembered be- 
cause of this type of research, the decade when cells began to fall 
apart chemically, and when the marvelous intracellular enzyme 
reactions began to be understood. 

But we have not limited work to this activity. There is also the 
exciting fact that the internal secretions change cells in ways un- 
known. The vast amount of clinical investigation by Dr. Ira 
Nathanson and others showed that many cancers of the breast 
respond to sex hormones by improvement or acceleration, Their 
effect on tumor growth is largely unpredictable, and may be 
dramatic. Therefore, it is important to know where various hor- 
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mones are produced and how they are metabolized in the body. 
Dr. Lewis Engel has devised new methods which allow this to be 
done, and, with radioactive tagging of sex hormones, his workers 
can follow hormones in the body and determine the patterns of 
their breakdown. This important subject was also studied by Dr. 
Dobriner. Unfortunately, this handsome work has not demon- 
strated a pattern unique for people with cancer, but the work is 
not yet complete. One would expect some generalization to 
cmerge, for there is such a difference in various cancers of the 
breast, some of which respond well to change of sex hormone bal- 
ance in the body—while others progress relentlessly without 
regard to hormones. The source of various compounds and the 
various transformations in the body are becoming obvious. 
Recently, with Dr. Billy Baggett, it has become clear that the male 
hormone may be changed to female ones by exposing them to 
slices of the ovary or testis or adrenal. How fruitfully compli- 
cated this makes the problem. 

As Dr. Zamecnik suggests, the story of Adam’s rib appears in 
reality a biochemical prophecy. The same tiny synthetic particles 
of the cell—microsome—which have been found in Dr. Zamec- 
nik’s and Dr. Bucher’s laboratories to be involved in protein and 
cholesterol synthesis, also now appear to be essential in the oxida- 
tion of the sterol side chain. We now begin to witness a unify- 
ing simplification, in this development of understanding of the 
growth machinery of the cell. The mitochondrion serves as the 
cell powerhouse, and the microsome emerges as the site where 
syntheses are carried out. The biochemist has a tendency to throw 
away the cell membrane, in distaste for its refusal to permit ac- 
cess of his substrates to vital cell centers. Surely it deserves atten- 
tion for its possible role in the poorly regulated growth of the 
tumor cell. Therefore, I plan to devote much of my remaining 
years to the role of the cell surface in metabolic processes. 

The work on hormones must be related to human tumors; and 
a close collaboration exists between the laboratories and our large 
clinical research group. As the internal secretions are clinically 
altered in patients, the chemical pattern of their excretion rates 
is carefully studied in Dr. Engel’s laboratory. Our bright young 
clinicians also try to fathom the mechanisms by which chemo- 
therapeutic agents exert their specialized actions on only certain 
tumors and do not influence other types of tumors. This involves 
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careful work on the metabolic research ward. Not only the ob- 
vious influence on the tumors themselves, but also the effects on 
the host must be studied, judged roughly by calcium and nitrogen 
balances, avid the like. We evaluate the effectiveness of these 
agents and attempt to determine their mode of action both on the 
tumor cells and host cells. Therefore, various parameters of 
tumor-host relationship are being studied, like red blood cell dy- 
namics and the mechanisms involved in the neoplastic anemias, 
the calcium metabolism of the host, and steroid hormone excre- 
tion patterns. This is done in an attempt to fathom the mode of 
action of the therapeutic agents and to seek the differences which 
exist between patients who do or do not respond to these agents. 

Thus the scientists in our laboratories work on this tantalizing 
problem in a fairly successful effort to understand the chemical 
reactions of body cells. It is obvious that there must be some 
subtle change in the tumor cell which makes it divide so often, 
while normal cell division is so restrained. That difference has 
not been delineated, but it appears to us that our approach is a 
reasonable one which eventually may well give us some answer. 
It is also disconcerting that the therapeutic agents should so far 
have beneficial effects on particular cell types and have no in- 
fluence on tumors of other origins. This too may be because we 
have not found the necessary formula. 

But to have lived in this scientific era has been a great privi- 
lege. Now the chemical study of cells is being mastered and cer- 
tainly we are finally at close grips with the problem, both in the 
laboratory and in the clinic. With all the public interest and sup- 
port so generous at present we can only ask that we be given 
ample time, for this is a difficult and subtle abnormality which 
probably cannot be quickly unraveled. But the problem is worth 
the search and the tools needed for its study are at hand. Indeed, 
to solve it is certainly one of the world’s major scientific goals. It 
is asking too much to expect this problem of cell division, so close 
to life itself, to offer its secrets for easy solution, Both scientists 
and the public need patience. 

What I have said tonight refers to activities in our own labora- 
tories—analogous reports could be made from other institutions 
in this country, as indeed from your excellent institution here. 

Your handsome buildings and the work you are doing here 
are inspiring and I am grateful for this opportunity to see them. 























STUDIES ON THE ENHANCEMENT OF THE 
MUTATION RATE BY CARCINOGENS 


EpGar ALTENBURG, 


Rice Institute 


Earlier work of Griffin had shown that 8-methoxy psoralen (a 
coumarin dye derivative) in combination with ultraviolet light 
was caricinogenic, though not by itself. It was therefore con- 
sidered of interest to determine whether the two agents exert a 
parallel mutagenic effect. Present experiments indicate that 
psoralen alone, when applied to the polar cap cells (the germ 
cells in the developing egg) of Drosophila is non-mutagenic (2 
lethal mutations in 496 chromosomes tested by Muller’s “sifter” 
technique, which figure is about the control rate), but psoralen 
in combination with a very weak dose of ultraviolet (not sufficient 
by itself to be appreciably mutagenic) gave 19 mutations in 702 
chromosomes, a rate (about 2.7+0.7%) well above the control 
rate. Urethane (a carcinogenic agent which interferes with mi- 
tosis and is mutagenic in Drosophila when fed to the developing 
flies and in bacteria but not in Neurospora) was found to be some- 
what mutagenic when applied to the polar cap cells of Drosophila 
(22 lethals in 868 chromosomes, or 2.6+0.9%). Since feeding 
experiments involve many possible changes in the agent before it 
reaches the gonads of Drosophila, it was considered to be of inter- 
est to determine whether the agent was mutagenic when applied 
directly to the germ cells, as is done in the case of the polar cap 
method of treatment. The results of the present experiments are 
in conformity with the view that there is some connection be- 
tween mutagenesis and carcinogenesis. 











METABOLISM IN GERMFREE ANIMALS 


Tuomas D. LucKEy* 


A germfree animal may be defined as an animal living in the 
complete absence of all demonstrable living microorganism. One 
can be sure he has a germfree animal only to the extent that his 
test shows no living microorganism present in or on the animal. 

The idea of rearing germfree animals came directly from ex- 
periments in rearing legumes aseptically, in Pasteur’s (1885) 
comments about rearing of peas and beans under aseptic condi- 
tions by Ducleau (1885). His statement of the problem is sum- 
marized: If I were a young man, I would try to rear animals 
germfree with the preconceived idea that life without bacteria 
would be imposs:ble. After Nuttal and Thierfelder (1875), 1897) 
failed to rear either chicks or guinea pigs germfree, and Schot- 
telius (1899. 1908) could get no growth in germfree chicks, 
Cohendy (1912) first successfully obtained growth in germfree 
chicks comparable to that of control chicks fed the same diet. This 
early work with germfree chicks provided a vehicle for develop- 
ing apparatus, methods of sterilization, handling and testing of 
animals; and its success was the impetus to try to rear other 
species in the germfree state. 

Rearing germfree chickens for three to six weeks in a simplified 
system can be done easily; it is one approach tried by several in- 
vestigators. The equipment Pete Moore and I used at the Uni- 
versity of Wisconsin in 1945-46 is shown in figure 1. The small 
jar is one of the simplest of germfree systems which adequately 
fulfills the requirements of a complete mechanical barrier iso- 
lating the sterile environment. Goats were obtained germfree and 
reared for a month in a sterile box by Kuster (1912) with no ap- 
parent ill effects.. Kuster appears to be the first to use a steam 
sterilization ‘“‘clave” to bring objects to the germfree animals dur- 
ing the experiment. Reyniers and Trexler (1943) who have pio- 
neered germfree techniques in this country. report other species 





* From the Department of Biochemistry. School of Medicine, University of 
Missouri, Columbia. Missouri. Much of the data reported herein wes taken 
from reports published or in Press from studies aided by the Office of Naval 
Research, Department of the Navy. 
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Fic. 1. Apparatus for Rearing Germfree Chicks (University of Wisconsin, 
1945). The metal lined room has an antichamber with several large U.V. 
lights in the room, and in it. The room is steamed for one hour prior to aseptic 
transfers. (A) Prefiltered air under pressure enters (B) or bypasses (C), the 
humidifier (D) and goes into the heater (E), which is regulated to proper 
temperature (F) as it leaves the mixer (G). The air is sterilized by the glass 
wool-cotton filters (H) and goes through the manifold (I) to individual hatch- 
ing units (J) and out through each tester (K). After hatch, sterile nutrient 
media (L) is sent through the manifold: it washes each chick and incubates 
at room temperature for 2 days in the bottom of the hatching unit. The tester 
is then pushed into the media and a sample is forced out where it is collected 
aseptically before contact with the outside air at point K. Microscopic exami- 
nation of the media determines which chicks are sterile. The sterile chicks are 
aseptically transferred into the steam sterilized rearing unit (M) which is 
equipped with sterile air (N), food (O), water (P) and air outlet (Q) which 
depends upon air flow and dryness to maintain sterility. 


which have been obtained in the germfree state are monkeys, rab 
bits, mice, and rats. The monkeys particularly grew well and 
were apparently easy to rear. Glimstedt has worked with germ 
free dogs but no details have been published. Guinea pigs appear 
to be hard to rear in the germfree state: Nuttal and Thierfelder 
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failed to rear them. Cohendy and Wollman (1914) and Glimstedt 
(1936) kept them alive for two months (some doubled their body 
weight in one month) and could apparently study the under- 
developed lymphatic system satisfactorily. Phillips, et al. (1955) 
used germfree guinea pigs in the study of amebiasis but gave little 
to indicate the health or growth of the animals. 

Early attempts to raise germfree guinea pigs stimulated the 
development of apparatus with manipulation of feeding devices 
or animals as a major item. The bell-jar was first modified (Nut- 
tal and Thierfelder, 1897), then abandoned for large boxes with 
gloves, viewing port, filters and a sterile entry “tunnel” (Glim- 
stedt, 1936), and finally the boxes were made smaller to go into 
an autoclave by Gustafsson (1948), or made more sturdy for 
steam pressure sterilization by Reyniers (1943) and Glimstedt 
(1936). Figure 2 shows the Reyniers type unit. Reyneirs (1950) 
also developed a large sterile tank for which the operator dons a 
suit and enters the sterile environment through a germicidal 
bath. The aseptic operation of Kuster reminds one of the master- 
ful aseptic techniques of Schottelius who used cubicles inside a 
series of sterilized rooms. These same principles are being used to 
set up germfree work in a sterilized room at the University of 
Missouri (Fig. 3). The basic design and principle of the self- 
sterilized room, which was established at the University of Wis- 
consin ten years ago, provides multiple physical barriers as a 
safety factor—the germfree cages are maintained in a sterile 
room. 

This brief survey illustrates the germfree methods used, the 
animals available to past and present investigators, and provides 
a background for the work done, and that which might have been 
done. Actually few of the investigators were interested in bio- 
chemistry. Specific experimental studies have been made on the 
decreased lymphatic system in germfree pigs (Glimstedt, 1936), 
susceptibility of germfree guinea pigs to Vibrio comma (Cohendy 
and Wollman, 1922), the non-susceptibility of germfree guinea 
pigs to Entamoeba histolytica (Phillips, et al., 1955), the effect 
of E. coli upon vitamin deficient germfree chicks (Balzam, 
1938), and the production of dental caries in germfree rats by 
adding known cultures of bacteria (Orland, et al., 1955). When 
attempting to rear each species, most investigators necessarily 
had to study the nutrition of the animals with which they have 
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Fic. 2. Reyniers type germfree tank, series 200. This unit has a viewing 
glass and arm-length gloves gasketed into it prior to steam sterilization. The 
pipes contain the air inlet filters and the air outlet system. The “tunnel” on 
the side has doors inside and outside which are both closed when food, water 
or utensils are steam sterilized before being taken into the germfree environ- 
ment. A special attachment is used to take eggs through a germicidal trap 
into the unit. An operating cage may also be connected to obtain germfree 
rats via cessarian section. These are handfed until weaning in much the same 
manner as shown by the picture of a swab being inserted into the rat’s mouth. 
Reyniers et al. (1949) have described the detailed use of this apparatus. 

















Fic. 3. Sterile Room at the University of Missouri. The germfree cage is 
located in an ultra-clean, self-sterilizing room. The self-sterilization is attained 
through the case of banks of ultra-violet lamps, positive (sterile) air pressure, 
steam jets and a germicidal floor. This allows a better opportunity to main- 
tain sterility within the germfree unit. 


worked. In fact, many of the failures in rearing germfree animals 
have been due to malnutrition. 

This presentation of the metabolism studies which have been 
reported in the literature gives insight into the character of the 
germfree animal and illustrates its usefulness as a tool for the 
direct study of infectious diseases, intestinal synthesis, mecha- 
nisms of defense. and purely metabolic diseases (of which cancer 
may be an example) which lie beyond the germ theory. Germfree 
animals may be used to separate metabolic disease, or the meta- 
bolic aspect of a disease, from infectious disease, An example 
of this is the absence of dental caries in germfree rats until one or 
more cultures of bacteria were added. Surprisingly, a culture of 
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lactic acid bacteria produced few, small carious lesions (Reyniers, 
1953) while species with high proteolytic activity produced 
large lesions consistently (Orland, et al., 1955). Evidently homo- 
fermentive lactics might retard caries by displacing oral proteoly- 
tic bacteria. 


Gross Observation 


Guinea Pigs. Nuttal and Thierfelder (1897) reared germfree 
guinea pigs which had inflated ceca and gained only 23 g. in 13 
days. The ceca were distended and filled with a brown liquid. 
They thought the absence of bacteria was good for the animal. 
Glimstedt (1932) kept guinea pigs germfree for 2 months. They 
grew as well as controls fed the same diets. He reported the 
lymphatic system was grossly underdeveloped. Incidentally, he 
suggested the metabolism of germfree animals as a good problem. 
He found the whole lymphatic system was atrophied, the paren- 
chyma was rarefied and the lymphocytes were reduced in the 
lymph nodes with practically none in the mucous membrane of 
the intestine. The guinea pigs reported by Reyniers (1946) were 
obviously starving and died at about 60 days. He reports an ab- 
sence of rigor mortis in these animals, (Rigor mortis has been 
seen in germfree chicks by the author. ) 

Rats. Gustafsson (1946) reported that germfree rats had re- 
duced thymus and lymphatic organs (14-1, that of conventional 
rats) and mentions that for 30 days hand-fed germfree rats do not 
grow as fast as their control dam-fed rats. In 1948 he reported 
growth comparable to other hand-fed rats; his rats also showed 
distended ceca and small lymph glands. Blood and prothrombin 
clotting times were very long. 

Reyniers (1953) reported reproduction in germfree rats 
through 7 generations. Details of this important colony have not 
yet been published. Reyniers, et al. (1946), suggest that the suck- 
ling germfree rats need vitamin C in the diet for survival. Data 
presented from older germfree rats is disregarded here because, as 
given in the text, these rats were contaminated prior to examina- 
tion. This was reflected in the high white blood cell counts. Gor- 
don (1955) reported germfree animals were generally the same 
as conventional animals in terms of morphology, growth, red cell 
count, reproduction and longevity; in general health was normal. 
He found the weight of the gastrointestinal tract to be less per 100 
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gm. germfree rat when compared to normal rats; this is due to 
decreased connective tissue and lymph apparatus in the wall. He 
emphasizes that the low white cell count in the blood is a re- 
flection of the decreased product:on in the lymph nodes (particu- 
larly are the intestinal nodes much decreased) combined with 
normal production by the spleen and thymus. 

The growth rate of male rats in the germfree state is less than 
expected, while that of germfree females appears to be similar to 
that of contaminated female rats (Fig. 4). The germfree rat ap- 
peared to require no added vitamin K when fed a synthetic type 
diet. It is entirely possible that traces of this vitamin in the diet 
would satisfy the requirements for vitamin K. This finding is in 
direct contradiction to the findings of Gustafsson. However, 
Luckey, et al., (1954) found vitamin E prevents hemorrhages 
when germfree rats are fed a low protein diet. The germfree rat 
appears to have a dietary requirement for biotin and not folic 
acid. 

Chicks. Reports of the past few years (Luckey, et al., 1948; 
Reyniers, et al., 1950; Reyniers, et al., 1949) indicate that germ- 
free chicks grow, feather and develop “normally’ when compared 
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Fic. 4. Composite Rat Growth Curves (Luckey, et al., 1955 and Orland, 
et al., 1954+). 
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to conventional clutch-mate chicks fed the same steam sterilized 
diet. Reproduction has also been attained. This supports the con- 
clusions of Cohendy and Balzam. Perosis is occassionally seen in 
germfree White Leghorn chicks, and rarely in White Wyan- 
dotte Bantam chicks. This indicates not only genetic differences 
but shows definitely that perosis is a metabolic disease which in- 
volves little or no microbial participation. Blood studies of germ- 
free chicks indicate good hemoglobin and red cell formation with 
a lowered white cell count. These germfree chicks had smaller 
livers (a phenomena seen when chicks are fed synthetic-type 
diets but not when fed practical diets). lymph nodes, ceca and in- 
testinal tracts than ordinary chicks. The spleens and thymuses 
were very well developed. Thymocyte production was slightly 
above that of ordinary chicks (Gordon, 1955). Certainly these 
chickens must then metabolize primarily in the same pathways 
as ordinary birds. 

Analysis of chicken organs (Table 1) shows very few major 
differences. Many of the differences marked as statistically sig- 
nificant have no practical meaning to the biochemist, e.g. 26y vs. 
22y pantothenate per gm. of germfree and conventional chickens 
respectively. The germfree chick tends to carry more moisture in 
its tissues. The bile of the germfree chicks contains considerably 
more riboflavin and biotin than is found in ordinary chicks, Also 
germfree chicks appear to have higher concentrations of vita- 
min B,, in the liver, and niacin in the blood than their multi- 
contaminated clutch-mates. 

Microorganisms evidently do not change the pH of the gastro- 
intestinal tract (Table 2) (Reyniers, et al., 1956). 

About as close as I can come to cancer in this report to you is to 
mention that occasional hatches of germfree chicks get a disease 


TasLe 2 


pH in White Leghorn Chicks 





G.F. (3) Conventional (2) 
OS rr 7.54 (7.0-8.5) 6.54 (6.5-6.6) 
Ns cides s se 6 6.15 (5.9-6.3) 6.35 (6,3-6.4) 
Proventriculus .. 4.81 (464.9) 5.63 (5.6-5.7) 
Geeserd ........ 4.30 (3.3-5.0) 3.47 (3.43.5) 
Duodenum ...... 6.42 (6.3-6.6) 6.38 (6.3-6.5) 
No ad w/o aww 6.38 (6.3-6.5) 6.48 (6,3-6.7) 
eee wa 6.26 (6.1-6.5) 6.37 (6,.2-6.5) 
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appropriately designated as “jitters” (Reyniers, 1949 and 1953). 

Conventional (or contaminated) chicks hatched from the same 
clutch of eggs have never shown this syndrome, whereas if one 
germfree chick “got the jitters” all those clutch-mates in the same 
cage “caught” the disease either at the same time or within one 
week from the time symptoms were seen in the first chick. The 
symptoms noted were (1) general weakness, (2) slight body 
tremors and an unsteady gait, (3) coarse tremors (“jitters”) and 
a jittery gait, and (4) death. Vitamin deficiencies were first sus- 
pected since thiamin, pyridoxine or vitamin E deficiencies may 
show similar characteristics. Vitamin therapy failed completely. 
Upon post mortem examination Dr. Gordon found a meningeal 
proliferation in the region of the cerebellum in some of the chicks. 
Evidently some change in metabolism, the presence or absence 
of some metabolite in abnormal quantity, allows this virus, or 
virus-like, manifestation to exert itself in the absence of (other) 
microorganisms. 

Turkeys. A limited number of Beltsville White Turkey poults 
were reared in experiments which indicated that germfree tur- 
keys grow somewhat faster when fed antibiotics than when fed 
no antibiotic (Luckey, et al., 1956). A comparison of the con- 
ventionally reared turkeys to germfree turkeys (Luckey, et al. 
in press) indicate they are practically identical in gross appear- 
annce and growth with the possible exception that the snood of 
the germfree male may be somewhat larger than that of the con- 
ventional male poult. The growth comparison of male turkey 
poults fed a steam sterilized synthet'c-type diet is given in 
figure 5. 


Metabolism Studies 


Rat, Rat metabolism studies indicate the gross relationship of 
the intestinal microorganisms to the host. Germfree and con- 
taminated rats eat and drink about the same quantity per 100 gm. 
body weight. Yet the feces of germfree rats contain essentially no 
microorganism while the conventional rat fecal material has been 
estimated to contain 50-90 per cent microorganism and their by- 
products, This gives a suggestion that the micro flora may not 
affect the net intake and output of food and feces, Microbes live 
in the gastrointestinal tract simply because it presents a well 
regulated incubator with lots of food in the fluid. It is possible 
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Fic. 5. Turkey Growth Curves (Luckey, et al., 1956). 


that the net result of “intestinal synthesis” may be disregarded as 
a major nutritional factor. 

A complete vitamin balance study was run in rats fed a syn- 
thetic type diet for five months (Luckey, et al., 1955). The re- 
sults, figure 6, indicate 3 general states of vitamin metabolism. 
In one, illustrated by niacin, riboflavin and biotin, less of the vita- 
min is found in the excreta, wasted food, lost hair and carcass 
than was put into the system via food and initial tissue stores. 
These vitamins are evidently destroyed or changed during metab- 
olism to forms (e.g. trigonellin from niacin) which are inactive 
in the microbiological assay. In the second state quantities of the 
vitamin were found which were about equal to the amount put 
into the rat-diet system. Pantothenic acid and vitamin B,, appear 
to be in this category. In both of these metabolic states only the 
overall balance is seen; a vitamin could conceivably be synthe- 
sized in large amounts by the tissues and the destruction of that 
vitamin could be great enough to indicate no net synthesis in this 
system. Radioactive precursors would be needed to show the ex- 
istence of biosynthesis of such a vitamin. In the third state of 
vitamin metabolism, more of the vitamin was found in the 
excreta-waste carcass system than was put in via the food-tissue 
system. Vitamin B, (as measured by folic acid and citrovorum 
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factor) appears to typify this condition. The data presented in 
figure 7 show that little folic acid was excreted by biotin-deficient, 
germfree rats. When biotin was administered, the folic acid ex- 
cretion increased tremendously. One might thus postulate that 
biotin is a cofactor in folic acid biosynthesis. These two vitamins 
are often involved together in various syndromes, e.g. the sulfa- 
fed rat; and now we see something of the reason why there is a 
very direct dependence of the folic acid metabolism upon the 
biotin present. 

Gordon (1955) reports that the adrenal glands of germfree and 
conventional rats have similar quantities of ascorbic acid and 
cholesterol. These tests of function corroborate studies in mor- 
phology to show the adrenal gland in the germfree animal is 
“normal.” 

In an attempt to determine whether germfree rats could syn- 
thesize biologically labile methyl groups, du Vigneaud, et al. 
(1951) fed 10 per cent deuterium water to rats for a few days, 
then continued with 3 per cent deuterium water with a diet com- 
plete except for the omission of choline. A summary of their re- 
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sults (Table 3) shows both germfree and conventional rats had 
the same amount of choline in their tissues and in both groups the 
choline carried deuterium in the methy] group. 

Goats. Kuster (1912) found NH, of urine decreased in germ- 
free goats which was counteracted by a rise in urea excretion. 

Chicks. Germfree work has highlighted the existence of a new 
biological phenomenon which may be called “‘bio-incrassation.” 
Much of the evidence cited to show the intestinal synthesis of 
vitamins can be attributed to bio-incrassation, Table 1 shows how 
the vitamin concentration is increased 5—10 fold (dry basis) as it 
passes through the intestine. Part of this increased concentration 
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is evidently caused by the adsorption of relatively larger quanti- 
ties of fat, carbohydrate and protein than of some vitamins (or 
minerals). When this phenomenon was seen in conventional ani- 
mals it was interpreted as “intestinal synthesis” of vitamins (by 
microorganisms in the tract); but its occurrence in germfree 
animals negates that as the sole interpretation and leaves only the 
possibilities of excretion from the tissues into the lumen and/or 


TABLE 3 
Methyl Synthesis from D0 (10 4 Percent) Adult Rats 





Deuterium Content 














Mg. Choline Body water Megroup of 
Rat Wet. per 100 gm. atom percent Choline atom 
No. gm. body wet. excess excess 
Conventional .... 1 253 0.048 2.20 0.21 
2 282 0.047 2.27 0.20 
Germfree ....... 5 322 0.047 2.44 0.16 
6 289 0.048 2.99 0.10 
TABLE 4 


M. Smegmatis—M. Wagner 








GP Material Aver. No./100 Fields 
1 SRR fe Gr okt at Para ed aE 0 

1 RACES ae epee rep an 0 

2 Diet + Bacteria ............. 131 

2 ONES 23 SSE ge RN a Oe 870 

2 ES a ee 3 





bio-incrassation. The effect is shown more clearly in the data of 
Wawner (see Reyniers, et al., 1949) reproduced in Table 4 using 
an easily identified bacterium fed to germfree chicks. Feeding 
this organism at level of 130 per 100 fields resulted in fecal con- 
centration of 870 per 100 fields. 

Wagner (1955), who has studied the blood proteins of germ- 
free chicks via serological reactions, reports germfree chicks have 
a natural heterohemagglutinin for rabbit erythrocytes. Germfree 
chicks have no natural antibacterial agglutinin when tested with 
Paracolobactrum aerogenoides, Escherichia coli or Micrococcus 
epidermidis during their first half year of life. About this time 
small reactions may occur from transient dead bacteria present in 
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the diet. Agglutination was not obtained from organisms not 
found in the diet. Large quantities of dead bacteria were found to 
produce measurable serum titers much faster. When dead Sal- 
monella pullorum or beef serum were injected into germfree 
chicks the titers were almost identical with those obtained by in- 
jecting conventional chicks to show that the antibody producing 
aparatus of the body lacked only a specific stimulus. 

The vitamin A, thiamin, riboflavin, pantothenate acid, folic 
acid content of the livers of four week old germfree chicks was 
equal to that of conventional chicks while the ascorbic acid con- 
tent was somewhat low (Reyniers, ef al., 1950). The adrenal 
ascorbic acid appeared to be the same in both groups. The B-vita- 
mins in the cecal contents of germfree and conventional chicks 
were usually in the same order of magnitude, Variations on this 
theme are seen in both tables 1 and 6. Some of the vitamins 
showed a decreased concentration in the liver as the chick aged. 
These effects are noted in figure 8. 

Balzam (1937) showed germfree chicks suffered from vitamin 
“B” deficiency in much the same manner that conventional 
chicks do. This work was lately confirmed (Luckey, et al., 
1955) when germfree chicks were obtained deficient in nicotinic 
acid, folic acid, riboflavin and thiamin (each as a separate series 
of experiments). In all of these (Fig. 9) except thiamin defi- 
ciency, the gerfree chicks began to die before the conventional 
chicks. This, combined with the growth curves, give indirect 
evidence of sources of the viatmin available to the conventional 
animal but not available to the germfree chick. Possible sources 
include dust in the air, more vitamin in water or food via micro- 
organism synthesis as well as intestinal synthesis. 

One of the most interesting aspects of vitamin metabolism oc- 
curred in the thiamin deficient birds. When the chicks were mori- 
bund or freshly dead from a thiamin deficiency, analyses were 


TABLE 5 
Thiamin in Bantam Chicks at 11 + 3 Days Aver. Values y/gm (Dry Basis) 











Diet N Liver N Cecal N Rectal 

Germfree ....... 4 2 21.6 2 52.7 ; — 
< 0.01 3 4.6 7 34.0 1 106 

Conventional .... a 4 15.8 4 109 1 200 
< 0.01 + 8.5 2 43.6 3 183 
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Fic. 8. (Reyniers, et al., 1956). 


made as shown in the table 5. Both germfree and conventional 
deficient chicks had lower concentrations of the liver than was 
found in chicks fed a complete diet (about 400y of thiamin per 
100 gm. diet) and less in their excreta. However, even while the 
germfree chicks were dying of thiamin deficiency they were ex- 
creting a large amount of thiamin. The cecal contents had 7 times 
more thiamin than the liver of the deficient germfree chicks. 
Similar, if less dramatic, circumstances existed for riboflavin, 
niacin, and folic acid deficiencies. These data indicate the body 
could not effectively compensate for deficiency of a nutrient such 
as thiamin. 

Another interesting facet found in vitamin metabolism was the 
apparent spontaneous recovery of germfree chicks from a vitamin 
K deficiency (Fig. 10). It would appear that vitamin K is super- 
ceded by another metabolite, or else the body has learned to syn- 
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Fic. 9. Vitamin deficiencies in chicks. (Luckey, et al., 1955a). 

° Growth curves of White Leghorn chicks fed semi-synthetic diets. The num- 
ber of chicks which finished the experiment is given at the end of the curves 
indicating the average growth obtained for 2 to 5 experiments. The numbers 
preceding the swastikas indicate the death of deficient chicks. 

Permission is granted by Wistar to use this reproduction. 
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Fic. 10. Vitamin K deficiency (Luckey, et al., 1955a). 

Whole blood clotting time for White Leghorn chicks fed the diet of Ans- 
backer in two experiments. The numbers of chicks used to obtain each average 
are indicated in parentheses. Some of the 10 chicks examined to obtain data 
at hatch were taken from the shell] after pipping. 

Permission is granted by Wistar to reproduce this figure. 
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thesize either a vitamin K active compound or a compound which 
was previously made only in the presence of vitamin K. 

Vitamin metabolism was further studied in germfree chicks by 
analyzing liver and cecal contents for individual B-vitamins 
when chicks were deficient in a number of different vitamins. 
The data summarized in table 6, show that the concentration of 
most vitamins is relatively stable. Thiamin concentration was 
never significantly different when germfree and conventional 
birds were compared. When fed a thiamin deficient diet or a folic 
acid deficient diet, the liver thiamin decreased (p = <0.001 in 
each) in both germfree and conventional chicks, except the de- 
crease seen in conventional chicks fed a folic-low diet was not 
significant (p = 0.27). 

No differences in riboflavin concentration were noted on the 
thiamin deficient diet. When the chicks were fed a riboflavin de- 
ficient diet, all the values reported for the riboflavin content of 
tissues were lower than those of tissues from birds fed a complete 
diet. When a niacin deficient diet was fed, the fiavin concentra- 
tion in germfree chicks liver tended to increase (P = 0.12) over 
that of conventional chicks and it was definitely higher (p = 
<0.001) than the concentration of flavin in livers of germfree 
chicks fed a complete diet. At the same time the flavin content 
of the germfree cecal contents did not decrease below that found 
in chicks fed the complete diet (p = 0.18). It was, however, 
lower than the riboflavin content of the conventional chicks 
(p = 0.004). The riboflavin in the liver of germfree chicks fed a 
folic acid low ration was high when compared to conventional 
chicks fed the same diet (p = 0.002) or to germfree chicks fed a 
complete diet (p= <0.001). The riboflavin concentration of 
liver and cecal content of both germfree and conventional chicks 
decreased (p = <0.001 to 0.011) when a diet low in vitamin K 
was fed. The presence of menadione in the diet evidently allows 
either less adsorption of riboflavin from the intestine (relative to 
the major nutrients), greater excretion of riboflavin into the lu- 
men (via the bile and/or the succus intericus), or both. In the 
germfree chicks niacin and folic acid seems to have the opposite 
effect from vitamin K on decreasing the flavin concentration of 
the cecal contents. It would be interesting to learn how added 
menadione or decreased dietary niacin or folic acid affects in- 
creased storage or riboflavin in the liver. 
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A study of niacin showed considerably more niacin in the cecal 
contents of conventional chicks than in germfree chicks (p = 
0.003) when both were fed a complete diet. The only other sta- 
tistically significant difference found in niacin concentration of 
the cecal contents was the decrease seen in conventional chicks 
when a folic acid-low diet was fed (p = 0.022), although the de- 
crease in the absence of menadione approached significance 
(p = 0.041) when compared to values from conventional chicks 
fed a complete diet. When a riboflavin-low diet was fed, the con- 
centration of niacin in the liver of germfree chicks decreased 
significantly below the level found in either conventional chicks 
fed the same diet (p = 0.016) or in germfree birds fed a com- 
plete diet (p = <0.001). Surprisingly, when a niacin-low diet 
was fed no decrease in niacin content was noted—the niacin con- 
centration in germfree chick liver increased significantly above 
that of conventional chicks fed the same diet (p = <0.001) and 
above that of germfree chicks fed a complete diet (p = <0.001). 
This phenomenon occurred while the germfree chick became 
moribund and died: the conventional chicks showed little evi- 
dence of any deficiency (see growth curves during niacin de- 
ficiency in figure 8). The liver concentration of niacin increased 
when viatmin K was omitted from the diet of germfree birds 
(p = 0.023) but variation kept the difference from being sig- 
nificant in conventional chicks. When a folic acid deficient diet 
was fed, the concentration of niacin in the cecal contents de- 
creased significantly in conventional chicks (p = 0.022) but not 
in germfree chicks. 

When fed a vitamin K deficient diet, germfree chicks showed 
increased pantothenic acid in the cecal contents when compared 
to germfree chicks fed a complete diet (p = <0.001) or conven- 
tional chicks fed the same diet (p = 0.016). Conventional chicks 
fed the vitamin K deficient diet tended to maintain less panto- 
thenic acid in their cecal contents than did conventional chicks 
fed a complete diet (p = 0.046). The pantothenic acid concen- 
tration of the liver in chicks fed a complete diet was higher in 
germfree chicks than in conventional chicks (p = 0.001), The 
Iver concentration of pantothenate was lowered in germfree and 
conventional chicks fed a diet deficient in either folic acid or vita- 
min K (p = <0.001 in all 4) when compared to chicks receiving 
the complete diet. 
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The biotin concentration in tissues appears to be more constant 
than other vitamins. The only significant change was the increase 
in biotin concentration of cecal contents when a riboflavin defi- 
cient diet was fed to germfree chicks as compared to that of con- 
ventional chicks fed the same diet (p = <0.001), or when com- 
pared to germfree chicks fed a complete diet (p = <0.001). 

Many small changes in folic acid metabolism noted were sta- 
tistically significant because there was extremely smail variation 
between values obtained under each condition. Thus, the concen- 
tration of folic acid in the liver of germfree chicks proved to be 
higher than that of conventional chicks when both groups were 
fed a complete diet (p = 0 021), a folic acid deficient diet (p = 
0.022), and possibly a niacin deficient diet (p = 0.044). In con- 
ventional chicks the folic acid concentration of the liver was 
higher in chicks fed a complete diet when compared to those of 
chicks fed a folic ac d deficient diet (p = 0.016), or a niacin de- 
ficient diet (p = 0.032). In the latter situation the folic acid con- 
centration of germfree chicks liver had a tendency to be lower 
than that of germfree chicks fed a complete diet (p = 0.079). In 
all cases, except one, the folic acid concentration of cecal contents 
was lower when a deficient diet was fed than when the complete 
diet was fed (p = 0.02 — 0.001). The exception was that the 
concentration of folic acid in cecal contents of germfree chicks 
fed a niacin diet did not decrease significantly. Omitting expla- 
nations which involve the intestinal microfloral (since they can- 
not be the only cause), one is led to suggest that this effect may 
be due to a general decrease in food efficiency in the deficient 
birds. In other words intestinal bio-incrassation of folic acid is 
less active in sick animals than it is in normal animals. With 
several exceptions, this is a general pattern for other vitamins. 
Unfortunately, data have not been obtained to examine this 
possibility. 


Summary 


In summary, the germfree technique has developed over a pe- 
riod of sixty years using a variety of animals. The apparatus may 
be as simple as a canning jar or a churn jar; it may be a large 
autoclave-type unit; or it may be a whole room: in each case a 
mechanical barrier separates the sterile environment from the 
non-sterile environment. The experimental vertebrates which 
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are available for investigators today are: chicks and other birds 
such as the turkey, rats, guinea pigs, dogs, rabbits, monkeys, and 
goats. While all investigators have had to solve problems in feed- 
ing these animals, few have studied metabolism in germfree 
animals. 

Morphologically, germfree animals closely resemble contami- 
nated animals; differences are that the germfree animals have 
under developed lymphatic systems, often an enlarged cecum in 
mammals, a slightly smaller gastrointestinal tract, and on some 
diets the liver is smaller. Chemically the germfree animals can 
probably not be separated from conventional animals in terms of 
gross analysis or composition. One consistent difference is the 
lack, or slow development, of acquired serum antibodies sensi- 
tive to specific bacterial antigens; certain natural antibodies do 
exist. 

The nutritional requirements of germfree animals are quali- 
tatively the same as those of conventional animals with the ex- 
ception that the germfree rat requires biotin. Quantitative studies 
have not been made. Germfree chicks fed diets deficient in certain 
B-vitamins, particularly niacin, show more acute deficiency 
symptoms and die sooner than do conventional chicks fed the 
same diets. Studies in vitamin interrelationships indicate that 
biotin is one of the most stable of B-vitamins in the tissues while 
niacin, riboflavin and pantothenate show many variations. 

The germfree rat can form methyl groups in its tissues and ap- 
pears to require biotin for the bio-synthesis of vitamin B, (folic 
acid and citrovorum factor). 
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PROGRESSIVE BIOCHEMICAL CHANGE IN THE 
LEUKEMIC MOUSE 


Roy B. MEFFERD, JR., 


Southwest Foundation for Research and Education and 
The University of Texas, Austin 


Following the transplantation of strain homologous leukemia 
to mice there is an apparent latent period of about a week. Dur- 
ing this period there is no gross change in the physiological char- 
acteristics of the animals. The work reported here had as its main 
object a study of chemical changes which might occur during this 
latent period. 

For convenience in presentation, the work is divided into two 
parts—changes in excretion patterns, and changes in the rate of 
uptake of C**-labelled acetate into several lipids at periods dur- 
ing the development of the leukemia, and following injection of 
non-leukemic species-homologous tissue, or of strain heterologous 
leukemia. 

Excretion patterns of 3-4 week-old male C57B1/10 and 
C57B1/10-H-2¢ mice grouped by litters into units of 6 mice each, 
and of their Fl and backcross generat:ons were determined 24 
hours prior to transplantation of myeloid leukemia C-1948, and 
3, 7, 10, 15, and 30 days thereafter. Complete 24-hour fasting 
urine specimens collected at each time interval indicated, were 
analyzed in triplicate for a number of nitrogenous and mineral 
substances. 

The C57 /B1/10 animals are susceptible to C-1498 and all died 
between the 12th and 15th days, while none of the resistant 
C57B1 /10-H-2* mice died. The tumors in the latter animals de- 
veloped progressively until about the 8th day, when they began 
to regress. On day-30 scabs over the original site of the tumor 
were still evident. 

The strains were identical in their response with respect to a 
number of the compounds, but were different with respect to 
others. Th:s represents a chemical difference traceable to a single 
gene change. By day-3 many of the compounds were excreted in 
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significantly elevated quantities, and many of these changes in 
excretion persisted throughout the remainder of the period. 

Lipid metabolism was found to follow about the same pattern 
as the excretion data in the sense that changes were detectable 
very early following transplantation. Carboxyl-labelled acetate 
was injected i.p. into mice at various time intervals following 
transplantation to either strain homologous or heterologous leu- 
kemia, or of various strain homologous organ macerates, i.e., 
liver, kidney, spleen. Two hours iater the animals were sacrificed 
by a blow on the head and immediately were dissolved in 33% 
KOH to stop metabolic activity. Following hydrolysis total non- 
saponifiable lipids, cholesterol, total fatty acids, saturated and 
unsaturated fatty acids were fractionated and their specific ac- 
tivity determined. In some of the experiments, the digitonide- 
precip:tated cholesterol was purified further via the dibromide to 
permit determination of the so-called higher counting substances 
which are precipitated as the digitonide with cholesterol. Specific 
activities were determined from end-w.ndow counts corrected 
for self-absorption, and some samples were also counted by 
means of a scintillation counter. 

DBA-2, Euer- (Webster derived) and BAF-1 3-4 week old 
males were injected with either lymphoid leukemia, P-1534, 
myeloid leukemia, C-1498, or various organ macerates. 

A 24-hour fast prior injection of the acetate markedly de- 
pressed its rate of incorporation into all lipids examined, In- 
ject:on of any substance other than saline modified the rates, and 
the changes which occurred as homologous leukemia developed 
followed a rather characteristic pattern, For example, the rate of 
incorporation into cholesterol d‘stinctly increased within a few 
hours of transplantation. Likewise there were very early and 
significant alterations in the higher counting substances. 

It is evident that chemical changes occur very shortly after 
transplantation of homologous leukemia into mice. Some of these 
are due to the stress of injection and the reaction to “foreign” 
tissue, but certain of these chemical changes appear to be dis- 
tinctive to the development of strain homologous leukemia. 








CARCINOGENESIS IN THE WHITE PEKIN DUCK* 


R. H. Ricpon 


Both spontaneous and induced tumors have been reported in- 
frequently in the duck (Historical references). No report of an 
experimentally induced skin tumor in white Pekin ducks has 
been found in the literature. During a period of 15 years a large 
number of this particular strain of ducks has been used in our 
laboratory and no spontaneous tumor has been observed. Re- 
cently methylcholanthrene has been used to induce tumors in 
this host. The following types of tumors have occurred in the skin 
after local applications of methylcholanthrene: papillomas, he- 
mangiomas, fibromas, squamous cell carcinomas, neurofibromas, 
ganglioneuromas and Pacinian corpuscle tumors (Rigdon, 1952, 
1953, 1954, 1955a, 1955b). A ganglioneuroma and a hemangi- 
oma have been observed to develop in the pectoral muscle fol- 
lowing the implantation of methylcholanthrene crystals (Rigdon, 
1955b) and the injection of methylcholanthrene in sesame oil 
(Rigdon, 1952). In all instances tumors have occurred either in 
the area of tissue treated or in areas of skin contaminated by this 
carcinogen while the ducks preened. Tumors resulting from the 
latter usually were located on the head and feet. No metastatic 
tumors have been found in the duck. The majority of the tumors 
were typical benign lesions; however, invasion of the pectoral 
muscle did occur in the locally induced hemangiomas (Rigdon, 
1952). The infiltration of the stroma by squamous epithelial 
cells with subsequent spontaneous regression of the lesion has 
presented a problem in nomenclature. 

A 0.25 per cent solution of methylcholanthrene in acetone has 
been the preparation used for topical applications. The birds usu- 
ally varied in age from 10 to 50 days at the time the carcinogen 
was first applied. The maximum time of observation has been 
two years. In some experiments, following a surgical incision 





* From Laboratory of Experimental Pathology, The University of Texas, 
Medical Branch, Galveston, Texas. This study was aided by several grants 
C-1469 (3C) from the National Cancer Institute of the National Institutes of 
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through the skin and muscle, 50 or 75 mg. of methylcholanthrene 
crystals were put directly into the pectoral muscle and the area 
closed with sutures. This carcinogen also has been suspended in 
both sesame and mineral oil for subcutaneous, intramuscular and 
intratracheal injections. All suspensions have been unsatisfactory 
for a quantitative study since the crystals did not remain uni- 
formly suspended. Pellets, 5 x 2 mm. in size and approximately 
5 mg. in weight, have been made by firmly compressing the 
methylcholanthrene crystals (Omer, 1954). Crystals (50 mg.) 
have been mixed with flour and put into gelatin capsules, size 
number 1, for oral administration. 

The variation in the response of the duck to the above carcino- 
genic preparations has been an interesting feature of this study. 
The number of daily topical applications of methylcholanthrene 
in acetone for maximum tumor response would appear to be ap- 
proximately thirty (Rigdon, Trauma and Cancer). Only a few 
observations have been made referable to the effect of a second or 
third series of applications of the same carcinogen to the same 
area of skin. However, in the few birds in which such a procedure 
has been carried out, the local tumor response did not appear to be 
very different following the second series, when compared with 
the first made several months previously. Obviously, in such a 
study, the age of the duck must be carefully controlled. 

The topical applications of methylcholanthrene in acetone 
usually have been made to the skin of the body beneath the 
wing and to the skin on the under surface of the corresponding 
wing. An attempt was made to thoroughly moisten the area by 
dropping the preparation from either a pipette or hypodermic 
needle onto the skin. The amount necessary to cover the area 
varied from 0.2 to 2.0 ml., depending on the size of the bird. In 
our experiments greater attention has been given to producing tu- 
mors than to any quantitative study. Desquamation and ulcera- 
tion in the treated areas of skin frequently occurred following 
local applications of the methylcholanthrene. Sometimes it was 
necessary to discontinue all treatments to permit healing. There 
does not appear to be any relation between the frequency of skin 
tumors and the degree of ulceration produced by methylcholan- 
threne. In fact, it is our impression at this time that skin tumors 
are likely to be more numerous in those ducks where ulceration 
does not occur. 
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The presence and absence of feathers must be carefully evalu- 
ated in these studies. In many of the experiments the feathers 
were plucked once per week, both during the time the carcinogen 
was being applied and thereafter during the entire period of the 
experiment. In other experiments, the feathers were plucked for 
the first time after all applications of methylcholanthrene were 
discontinued. The variation in tumor response of birds with feath- 
ers plucked and unplucked has been reported (Rigdon, Trauma 
and Cancer). It may be stated at this time that a larger number of 
papillomas and hemangiomas has occurred in ducks where this 
carcinogen was applied and the feathers were subsequently 
plucked than in birds in which the feathers were not plucked. It 
has been suggested in these experiments that trauma may have 
acted as a co-carcinogen following the plucking of feathers 
(Rigdon, Trauma and Cancer). 

The time of occurrence of the different tumors has varied fol- 
lowing local applications of this carcinogen. Papillomas (Fig. 1) 
and hemangiomas (Figs. 2 and 3) were the first tumors to occur 
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Fic. 1, Duck 792. Methylcholanthrene in acetone was applied daily for 30 

days to the skin. This photograph made 40 days after the last application of 
the carcinogen. The papillomas are too numerous to count. 


Fic. 2. Duck 462. Methylcholanthrene applied to the skin 30 times. This 
tumor photographed 15 months after the last application of the carcinogen. 








Fic. 3, Duck 781. This is a hemangioma that occurred on he aa of the 
foot. There is a wide variation in the size of the vascular channels in different 
and in the same tumor. H and E X 140. 


in the skin of the duck. They usually appeared within 30 to 60 


days after the last application of the acetone solution of methy]- 
cholanthrene. Papillomas continued to develop for two to three 
months, while the hemangiomas continued to appear for as long 
as a year. Papillomas and hemangiomas were the most frequent 
types of tumor to occur in the skin. The number in a single bird 
varied from one to 50. They occurred in 90 per cent or more of 
our treated ducks. The other types of tumors observed in the skin 
were much slower in making their appearance and no specific 
time interval can be given for their appearance. 

Observations were made on the variation in tumor response of 
different areas of skin to the same preparation of methylcholan- 
threne (Rigdon, Tumors Induced in Skin Without Follicles). 
These areas were (1) the skin of the body wall, (2) the skin be- 
neath the lower bill in the areas devoid of feathers, and (3) the 
web of the foot. Each type of tumor previously referred to oc- 
curred in the skin of the body wall and wing. Only papillomas oc- 
curred in the skin beneath the bill. while papillomas and heman- 
giomas were frequently found on the web of the foot, Only one 
neurofibroma was observed to develop in the web. Obviously, one 
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could not predict the type of tumor which would occur in the 
skin on one area of the body after one had applied the same car- 
cinogen to the skin in another area. 

Tumors developed only in the area of the body where the carci- 
nogen was applied. Ducks preened after the methylcholanthrene 
in acetone was put on the skin of the body wall, thus frequently 
contaminating the skin about the head and the web of the feet. 
Many tumors developed in these latter sites as a result of this con- 
tamination (Fig. 4). No tumor was observed to metastasize in 
these experiments. 





Fic. 4, Duck 475. Methylcholanthrene in acetone was applied daily for 30 
days to the skin beneath the left wing. The head was contaminated with the 
carcinogen while the duck preened. Note the hemangioma at the angle of the 
mouth and the papilloma in the skin beneath the bill. This photograph was 
made 127 days after the last application of the carcinogen. 


The response of the tissues of the duck to methylcholanthrene 
pellets is interesting (Omer, 1954). They were put into the brain, 
pectoral muscle and subcutaneous tissues. For injection the pel- 
lets were put into a 16 gauge needle and pushed into the tissue by 
a plunger. One pellet was put into the cranial cavity of each of 48 
ducks; most of these were put into the brain tissue, while a few 
were left in the subarachnoid space about the base of the brain. 
Only a few of the birds died within the first ten days, Twenty 
ducks were observed for 20 to 99 days, 10 from 100 to 299 days, 
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and 9 for 300+ days. Few of the ducks showed any abnormal 
neurogenic manifestations following the injection of the pellets. 

When the ducks were sacrificed, the pellets were demonstrable 
macroscopically and looked the same as when they were injected 
(Fig. 5). There was only a small amount of histologic reaction 
about the pellets. There was nothing to suggest a new growth in 
any bird. Likewise, pellets when injected into the muscle of 23 
ducks did not produce any significant reaction and no tumors 
occurred (Fig. 6). Pellets injected into the subcutaneous tissue 
of 23 ducks apparently were dissolved within an interval of 30 to 
60 days. No tumors developed where these pellets were injected. 

The failure of tumors to develop and the absence of a macro- 
scopic reaction in the pectoral muscle following the injection of 
pellets is of interest in view of the results obtained when methy!]- 
cholanthrene crystals were placed directly into the same muscle. 








71cm. 





Fic. 5, Duck 661. This pellet of methylcholanthrene was injected into the 
brain 107 days before this duck was sacrificed. There is no macroscopic reac 
tion around this pellet. 

Fic. 6, Duck 921. This pellet of methylcholanthrene was injected into the 
pectoral muscle 338 days before this duck was sacrificed. The pellet is approxi 
mately the same size as when injected. 
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Either 50 or 75 mg. of methylcholanthrene crystals were put 
directly into the pectoral muscle of 33 ducks, varying in age 
from 20 to 82 days. Two of these (D 343 and 344) developed a 
ganglioneuroma and one (D 113), a hemangioma. The tumor in 
one of these (D 343) measured 2.5 cms. in diameter on the 180th 
experimental day, at which time a biopsy was removed. The tu- 
mor continued to grow and measured 5 cms. when the bird was 
sacrificed on the 310th experimental day. At this time the tumor 
was surrounded by a zone of myxomatous tissue, It was firm and 
white. Histologically it was a typical ganglioneuroma (Figs. 7 
and 8). A considerable acute and chronic reaction was present 
about the methylcholanthrene crystals in ducks sacrificed be- 
tween the 10th and 100th day. This reaction was extensive after 
30 days. In the ducks that were kept for 200 days or longer it 
was difficult in some cases to say whether the dense fibrous tissue 
represented an inflammatory or a neoplastic response. 

A variety of neurogenic tumors occurred in the skins of ducks 
following local applications of methylcholanthrene (Rigdon, 
1955b). These included neurofibromas (Fig. 9), ganglioneuro- 
mas, and Pacinian corpuscle tumors. The earliest appearance of 
a tumor of this group was on the 50th experimental day; they 
continued to appear in the skin until the 278th day. Some of the 
ducks with these neurogenic tumors were observed until the 
427th experimental day. The size of these tumors varied from 0.5 
to 4.0 cms. A characteristic feature of these lesions was the pres- 
ence of multiple types of nerve tissue in a single tumor. Typical 
tactile corpuscles and ganglion cells were present in the ganglio- 
neuroma occurring in the pectoral muscle of D 343 (Figs. 7 and 
8). Many tactile-like corpuscles were found in other tumors in 
association with adult nerve cells. In the Pacinian corpuscle 
tumors ganglion cells were surrounded by a capsule similar to 
that around the ganglion cells in the sympathetic nervous system. 
The multiplicity of cell types within a single tumor would sug- 
gest that some cell with potentiality to develop into a tactile cor- 
puscle, an adult nerve cell, and a neuroblast was affected by the 
methylcholanthrene. 

Another solid tumor observed in the skin of these ducks treated 
locally with methylcholanthrene was a fibroma (Figs, 10 and 
11). These tumors usually were less than 2 cm, in diameter. Some 
were firm and others were relatively soft, Histologically they 
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Fic. 7, Duck 343. Fifty mg. of methylcholanthrene were put into the pec 
toral muscle 278 days previously. Note the interlacing bundles of collagen 
and nerves, This is a typical ganglioneuroma with a Pacinian corpuscle in 
the tumor, Del Rio Hortega’s stain, X 170. 


Fic. 8, Duck 343. Same as figure 7, This shows ganglion cells in the same 
tumor. Bodain stain X 516. 
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Fic. 9. Duck 461. This shows the pallasading of cells and the variation in 
size and shape of the cells so characteristic of these neurofibromas. H and E 
X 156. 


were typical of this type of lesion. Some showed groups of 
lymphocytes within the tumor tissue. Some of these fibromas 
arose from a feather follicle (Rigdon, 1953). Six ducks showed 
this particular lesion. The largest tumor was 1.0 cm. in diameter. 
They were attached by a narrow pedicle. Because of this, the 
blood supply no doubt was poor, which may have accounted for 
their spontaneous disappearance. 

Fat was a conspicuous feature in the regressing hemangiomas; 
however, we found only one specific lipoma (D 455). This meas- 
ured 1.5 cm. in diameter (Fig. 12). On section it was lobulated, 
yellow, and relatively soft. Microscopically it was a typical li- 
poma with little fibrous stroma (Fig. 13). This lipoma occurred 
in the skin beneath the left wing of a duck that was treated lo- 
cally on the right side of the body. Because of this and since simi- 
lar tumors have not occurred in methylcholanthrene-treated 
areas of other ducks, it is likely that this lipoma was a spontaneous 
tumor and not related in any way to the carcinogen. 

Papillomas were the most frequent type of tumor to occur in 
the skin of the body wal) following local application of methy]- 
cholanthrene in acetone. It was the only tumor to occur in the 
skin of the lower bill (Rigdon, Tumors Induced in Skin Without 
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Follicles). Very few papillomas developed on the web of the foot 
(Rigdon, Tumors Induced in Skin Without Follicles). Some of 
these on the skin of the body measured 5 to 9 mm. in height and 
as much as 2 cm. in diameter. Frequently these papillomas were 
so numerous on the skin that they could not be counted (Fig. 1). 
All papillomas spontaneously disappeared. 

A papilloma was removed from the skin of twenty ducks, 26 
days after the last application of methylcholanthrene. One-half of 
the lesion was fixed in formalin for histologic study and the other 











Fic. 10, Duck 462. Same as shown in figure 2; A-Fibroma B-Hemangioma 


Fic. 11, Duck 462. Microscopic section of the fibroma shown in figure 10-A,, 


H and E X 110. 





Fic. 12, Duck 455. This lipoma occurred in the skin on the left side of the 
duck and the methylcholanthrene was put on the right side. On section it was 
lebulated, yellow. and relatively soft. 


Fic. 13. Duck 455. Same as figure 12. A typical L;poma. H and E X 102. 
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was used to inoculate the chorio-allantoic membrane of develop- 
ing chick embryos. All cultures were negative. Such results obvi- 
ously do not support the opinion expressed by Duran-Reynals 
(1951-52) that papillomas in the chicken result from an activa- 
tion of fowl pox virus by this carcinogen. It would appear more 
likely that the papillomas occurring in the duck are only a mani- 
festation of the direct effect of this carcinogen on the dermis. 
Should one conclude that a virus is the cause of these papillomas, 
then the question would naturally arise as to whether the same 
or a different virus was stimulated by the methylcholanthrene to 
produce each of the several different types of tumors that have 
occurred in the duck. As far as we know the virus of fowl pox 
has not been grown in the duck. 

Squamous cell carcinomas occurred in the skin of the duck 
following the local application of methylcholanthrene (Rigdon, 
1952). It was difficult to determine the frequency of this lesion 
since many resembled a papilloma, while others were superficial 
ulcerations. To be sure of the diagnosis, it was necessary to re- 
move the lesion for histologic study. Squamous cell carcinomas 
were observed as early as the 63rd experimental day (D 240) and 
as late as the 283rd day (D 145). Some may wish to refer to these 
lesions as “‘carcinomatoid” tumors since they spontaneously re- 
gressed and no metastases occurred. There was an infiltration of 
epithelial cells down into the stroma with intercellular bridges, 
mitotic figures and epithelial pearls (Figs. 14, 15, and 16). A 
similar squamous cell tumor has been produced in the chicken 
(Rigdon and Brashear, 1954; Rigdon and Hooks). The develop- 
ment and regression of this type of lesion has been studied more 
extensively in the chicken than in the duck. It has been suggested 
that “the absence of a lymphatic system in the skin of fowls, like 
that in mammals, may be a significant factor affecting the devel- 
opment, regression, and spread of malignant tumors” (Rigdon 
and Brashear, 1954). 

As previously stated, a hemangioma was one of the most fre- 
quent tumors to occur in the skin following local applications of 
methylcholanthrene in acetone. They varied in size from a few 
millimeters to five centimeters, They showed the characteristic 
features of either a capillary or cavernous type of hemangioma, 
or a combination of these. Two ducks from a group of 19, injected 
intramuscularly with methylcholanthrene in mineral oil (10 
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mg./cc.), developed a hemangioma in the pectoral muscle. No 
line of demarcation separated the tumor from the surrounding 
muscle (Fig. 17). The tumor tissue was grayish-white and gela- 
tinous. There were areas in which the neoplasm was formed by 
small endothelium-lined sinuses, some of which infiltrated the 
muscle (Figs. 18 and 19). Fat, fibrous tissue, mucoid material, 
and collections of lymphocytes were present in the old regressing 
hemangiomas. 

The vascular channels comprising these hemangiomas were 
studied by injecting red and blue latex into the arterial and 
venous systems (Rigdon, 1953) (Fig. 20). The blue and red latex 
was found within the same vascular channel, indicating a mixing 
of arterial and venous blood. Recently it has been suggested that 
the histiocytes normally present in the skin were stimulated by 
methylcholanthrene to form angioblasts (Rigdon, et al.). These 
cells proliferate, form channels, and subsequently communicate 
with vessels arising from normal arteries and veins in the local 
areas to form these hemangiomas, One of the most interesting 
features of these hemangiomas has been their spontaneous re- 
gression. The mechanism by which this regression occurs has 
been discussed in previous publications (Rigdon, 1955a; Rigdon, 
et al.). It may suffice at this time to state that the regression re- 
sults from a local proliferation of lymphocytes within the walls 
of these vascular channels, resulting in stasis of the circulating 
blood; subsequently these occluded channels are replaced by 
collagen and fat. 

Attempts are now being made to produce tumors in the respira- 
tory tract by injecting methylcholanthrene in mineral oil di- 
rectly into the trachea through the larynx. This is accomplished 
by the use of a plastic tube on the end of a small syringe. One-half 





Fic. 14, Duck 143. Skin treated 30 times with methylcholanthrene. A small 
ulcerated area was removed 3 days after the last treatment. A wide zone of 
squamous epithelial cells form the base of this ulcer. H and E X 190. 


Fic. 15, Duck 407. This was a small papilloma covered by a thick zone of 
keratin. The base is formed by a zone of squamous cells that infiltrate the 
stroma. H and E. X. 190. 


Fic. 16, Duck 240. On the 54th day following the last application of methyl- 
cholanthrene to the skin there was a small papilloma. The base measured 3 
mm, and was granular. The lesion was removed. Note the squamous cells 
that form the base of this ulcer. It has all the features of a typical squamous 
cell carcinoma. H and E X 190. 
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ml. of mineral oil containing 15 mg. of methylcholanthrene per 
ml. is injected daily. After 15 to 20 injections a few of the ducks 
have shown signs of tracheal obstruction (Fig. 21). Treatments 
were temporarily discontinued but were resumed two to three 


Fic. 17, Duck 113. Hemangioma in pectoral muscle. Methylcholanthrene in 
mineral oil was injected here 581 days previously. There is no sharp line of 
demarcation between the tumor and the surrounding muscle. 

Fic. 18, Duck 113. The gross lesion is shown in figure 17. This shows the 
microscopic characteristics of this hemangioma H and E X 190. 


Fic. 19, Duck 5. This hemangioma occurred in the pectoral muscle. Note 
the infiltration of the muscle by the tumor tissue. This is a characteristic 
finding in the hemangiomas that occurred in this muscle. H and E X 190. 
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weeks later. Some of the birds were sacrificed after they developed 
obstruction; the trachea in these birds showed a zone 3 to 6 cm. 
in length filled with a fibrinous exudate. No tumors have been 
observed; however, a larger group of ducks are now under ob- 
servation. Methylcholanthrene crystals were blown from a 5 ml. 
pipette with the aid of a large rubber bulb into the trachea of a 
second group of ducks. The crystals were subsequently demon- 
strated by ultra-violet light in the proximal 4 cm. of the trachea. 





_ Fic. 20, Duck 778. Hemangioma injected with red and blue latex. There 
is a wide variation in the size of the vascular channels that make up these 
tumors, There are many communications between the channels and a mixing 
of the two colors of latex within some of the larger spaces. 
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Fic. 21, Duck 1 103. Trachea with portion of attached lungs. Note the large 
amount of acute exudate in the distal half of the trachea; 0.5 ml. methyl- 
cholanthrene in mineral oil (15 mg./cc.) put into trachea for 17 days. Respira- 
tory difficulty occurred at this time and the bird was sacrificed. 
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Four of these ducks have been observed for one year and no 
tumors have developed. 

The neoplastic response of the gastro-intestinal tract of the 
duck to daily oral administration of methylcholanthrene in gela- 
tin capsules is being studied. Preliminary observations indicated 
that 50 mg. of methylcholanthrene may be given twice a day to 
adult ducks of 12 days without producing any clinical manifes- 
tation of toxicity. The tumor response to methylcholanthrene in 
both the respiratory and intestinal tracts will be compared with 
that in the skin of the duck. 

All attempts to transplant these hemangiomas and ganglio- 
neuromas have failed; however, further attempts will be made 
to grow these tumors on the chorio-allantoic membrane and in 
the yolk sac of the chick embryo. 

In summary, it may be said that the white Pekin duck is a good 
host for the study of tumors produced by methylcholanthrene. As 
far as we know, this is the first time a ganglioneuroma and a Pa- 
cinian corpuscle tumor have been experimentally produced. A 
tumor also has been produced with the morphological character- 
istics of a squamous cell carc:noma that spontaneously regresses. 
This lesion would seem to be an excellent one for studying certain 
characteristics of malignant change. It may be that the absence 
of a lymphatic system in the duck, such as we have in mammals, 
is a significant factor in the mechanism of the spread of tumors. 
Regression of hemangiomas in the duck also is an interesting phe- 
nomenon in carcinogenesis. Time does not permit a discussion of 
these lesions occurring in the duck referable to similar ones 
observed by others and recorded in the literature. 
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PRECANCEROUS METABOLIC ALTERATIONS IN THE 
PROCESS OF AZO DYE CARCINOGENESIS* 


J. D. Sparnt 


This is a report of some of the work which was carried out 
under the direction of Doctor Griffin while still at Stanford Uni- 
versity and is being continued at M. D. Anderson Hospital. We 
will be concerned mainly with the early phases of the process 
of cancer induction by 3’methyl-4-dimethylaminoazobenzene 
(3’MeDAB). The compound produces a variety of liver tumors 
when fed to the albino rat at the level of 0.06 per cent in a semi- 
synthetic maintenance diet. These include malignant hepatomas, 
adenocarcinoma of the liver cell type and adenocarcinoma of the 
bile duct type (11). Ordinarily, the treatment which is em- 
ployed in our laboratory can be expected to produce 100 per cent 
tumor incidence in approximately twelve weeks. 

Cancer production, however, is preceded by a series of morpho- 
logical changes, the most striking of which is the so-called bile- 
duct cell proliferation. In many cases the bile-duct cells increase 
by 100 to 300 fold during the period of 15 to 40 days following 
the start of continuous azo dye feeding (10, 13). This prolifera- 
tion assumes more importance when it is realized that most of the 
tumors appear to arise from these hyperplastic areas. However, 
this proliferation plays a different role when interpreting bio- 
chemical data obtained during this phase of the process. Since 
most biochemical studies have been carried out on the livers of 
rats which had been treated with azo dyes for a least three weeks, 
many of the changes observed may be considered as the result of 
“diluting” parenchymal tissue with a tissue of entirely different 
character, that of bile duct cells. Such a view was adopted by 
Price, and the Millers at Wisconsin (10) and by the Schneider 
group at Bethesda (13) about 1950. 





*From the Biochemistry Department, The University of Texas, M. D. 
Anderson Hospital and Tumor Institute, Houston, Texas. This study was sup- 
ported by funds from the Welch Foundation Grant. 

+ Present address: Michigan College of Mining and Technology, Houghton, 
Michigan. The author is indebted to Dr. A. C, Griffin for his guidance during 
the course of this work. 
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A preliminary study which illustrates this point was per- 
formed in our laboratory on succinic dehydrogenase activity in 
the livers of rats fed 3°;MeDAB for varying periods of time up to 
26 days. Liver homogenates were studied using the manometric 
procedure of Schneider and Potter (12) and the results were ex- 
pressed as per cent of control values using the dry weight basis. 
As observed by Potter et al., (9) the average enzyme activity was 
lowered by the treatment. However, when examined with respect 
to the extent of bile-duct cell proliferation, determined by the 
Chalkley counting procedure, (1), the results indicate that the 
alteration observed in succinic dehydrogenase activity was prob- 
ably a reflection of changes in cell population. (Fig. 1.) 
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Fic. 1. Succinic dehydrogenase activity in the livers of rats fed 3; Me-DAB 
for various periods of time (upper curve) compared to the extent of bile duct 
proliferation (lower curve). 


Another enzyme, glucose-6-phosphatase, which has been re- 
ported altered during 4-dimethylaminoazobenzene (DAB) can- 
cer induction by Weber and Cantero (14), was examined in the 
same way following 3’MeDAB treatment using the method of 
Cori and Cori (3). In this case, a significant reduction in enzyme 
activity was observed prior to the onset of proliferation. This 
point was verified more recently in a group of ten rats which were 
fed 3°’MeDAB for 14 days while a similar group of controls was 
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pair-fed with basal diet. As seen in table 1, a significant reduc- 
tion in glucose-6-phosphatase activity was observed on both the 
wet and dry weight basis. Only one rat in the group (R-11) 
showed a proliferation of bile-duct cells and these amounted to 
less than five per cent of the tissue volume. 


TABLE 1 


Glucose-6-phosphatase Activity in the Livers of Rats after Fourteen Days 
Treatment with 3’ Methyl-4-dimethylaminoazobenzene as Compared 
with Pair-fed Control Rats 





Experiment I* us.P/ Experiment II* ug.P/ 











Rat yg.P/mg./Hr. 100mg./Hr. Rat ywg.P/mg./Hr. 100mg./Hr. 

No. Dry weight Wet weight No. Dry weight Wet weight 
Basal R-1 52.6 1,985 R-6 34.3 1,052 
Fed R-2 53.4 1,955 R-7 39.6 1,232 
Control R-3 57.1 2,030 R-8 38.4 1,226 
Rats R-4+ 39.8 1,488 R-9 44.6 1,388 
R-5 48.1 1,653 R-10 32.9 1,065 
Ave. 50.2+6.7 1,822 Ave. 38.0+4.6 1,193 
3’Me-DAB_ R-11 30.4 1,002 R-16 23.2 624 
Fed R-12 43.6 1,290 R-17 31.5 865 
Rats R-13 35.2 1,090 R-18 30.0 815 
R-14 28.8 917 R-19 34.5 964 
R-15 29.9 935 R-20 33.7 920 
Ave. 33.6+6.1 1.048 Ave. 30.6+4.5 838 





shh hi: 





* Slight differences in experimental conditions make it imp Experi- 
ments I and II. They have therefore been examined separately for statistical purposes. 

Riboflavin was originally shown to be diminshed in the livers 
of rats fed DAB by Kensler et al. (6). The phenomenon was 
further studied and extended to other dyes by Griffin and Bau- 
mann (5). In our study, the livers of rats fed 3;MeDAB for vari- 
ous short periods of time were examined using the modified pro- 
cedure of Conner and Straub (2). It was observed that riboflavin 
reduction was roughly a linear function of time for about the 
first 40 days. The early depletion of 3; MeDAB was shown even 
better by a pair-feeding experiment which was conducted for 14 
days. The results indicate that riboflavin is significantly lowered 
by two weeks treatment with this azo dye although extensive bile- 
duct cell proliferation again was not observed to have taken place 
in any of the livers involved. (Table 2. ) 

In another investigation. glycogen storage was studied histo- 
chemically using the periodic acid-Schiff technique, From our 
experience, all animals which had been fed 3’MeDAB for at least 
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14 days showed sharply demarcated areas of centrolobular gly- 
cogen depletion which involved as much as 50 per cent of the to- 
tal liver in some cases. All pair-fed control animals showed an 
even lobular distribution of liver glycogen, although the total 
staining capacity of the livers varied greatly. The glycogen-de- 
pleting effect of 3;MeDAB was observed to take place as early as 
11 days in some animals and appeared to reach its maximum just 
before the onset of bile-duct proliferation. Glycogen storage was 
first observed to have been altered following rather toxic injec- 
tions of DAB by Orr and Price (8). These investigators showed 
that the alteration could be demonstrated by classical chemical 
procedures and was not a manifestation of altered food intake. 
Such an experiment was also carried out by Graffi and his co- 
workers in Germany using 3’Me-DAB(4). The work I present 





here represents the first histochemical demonstration of such a 
change following the usual dye-feeding regimen. 


TABLE 2 


The Effect of Fourteen Days Treatment with 3’Methyl-4-dimethylaminoazo- 
benzene on Liver Riboflavin Storage 





Group I, Received Basal Diet Group II, Received 3’Me-DAB Diet 
Rat ‘Hepatic Riboflavin Rat Hepatic ~~, 
No. ug./gm. No. ue./em 
A-1 30.7 A-11 18.3 
A-2 34.4 A-12 15.8 

A-3 30.8 A-13 20.1 
A-4 33.0 A-14 15.5 
A-5 25.0 A-15 16.6 
A-6 24.5 A-16 16.3 
A-7 26.8 A-17 15.7 
A-8 27.3 A-18 15.9 
A-9 27.6 A-19 17.7 
A-10 28.5 A-20 14.8 
Ave 29.9+ 3.31 Ave 16.7+ 1.52 





In conjunction with the histochemical study of glycogen, two 
other liver constituents were examined during this early period. 
The cytoplasmic basophilic material which is believed to be 
ribonucleic acid (RNA) was first shown by Opie (7) to be de- 
pleted from the liver lobule in somewhat the same fashion as gly- 
cogen, the lesion being predominantly centrolobular. Our experi- 
ence using pyronin stain with ribonuclease digestion as a control 
has verified this and shown the time of occurrence to be similar 
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to that of the glycogen depletion. Mitochondria, which are some- 
what related to the basophilic granules according to Opie, were 
not significantly altered during this period. The nature and lo- 
calization of the change in glycogen and RNA storage suggests a 
general disfunction of parenchymal cells similar to that observed 
during the early phases of other types of liver damage. The fact 
that the central zone which is distal to the blood supply is first 
to be affected by the azo dye suggests that oxygen tension is in- 
volved either as a primary factor or as a potentiating agent for 
the effect of the dye. 


GLUCOSE-6-PHOSPHATASE ACTIVITY 
IN LIVERS OF RATS FED 3'me DAB 








10 20 
DAYS OF 3'me DAB FEEDING 


Fic. 2. Glucose-6-phosphatase activity in the livers of rats fed 3,7Me-DAB 
for various periods of time (upper curve) compared to the extent of bile duct 
prolife:ation (lower curve). 


In summation, it has been shown that alterations take place 
in at least four normal liver constituents well before and ap- 
parently independent of bile-duct cell proliferation. The results 
are interpreted as indicating a rather generalized degenerative 
process which may in turn be responsible for the subsequent 
morphological changes. 


REFERENCES 
. Chalkley, H. W.: Method for Quantitative Morphological Analysis of 
Tissues. J. Nat. Cancer Inst., 4: 47, 1953. 


. Conner, R. T., and C. J. Straub: Combined Determination of Riboflavin 
and Thiamin in Food Products. Ind. Eng. Chem., Anal., Ed., 13: 385, 1941. 





Precancerous Metabolic Alterations 533 


. Cori, G. T., and C. F. Cori: Glucose-6-phosphatase of the Liver in Glyco- 
gen Storage Disease. J. Biol. Chem., 199: 661, 1952. 

. Graffi, A., and W. Hebekerl: Uber chemishe Friihveranderungen der 

Rattenleber nach Verfiitterung cancerogener azo Farbstoffe. Arch. Ge- 

schwulstforsch., 5: 1, 1953. 

_ Griffin, A. C., and C. A. Baumann: The Effect of Certain Azo Dyes upon 

the Storage of Riboflavin in the Liver. Arch. Biochem., 11, 467, 1946. 

. Kensler, C. J., K. Sugiura, and C. P. Rhoads: Coenzyme I and Riboflavin 
Content of Livers of Rats Fed Butter Yellow. Science, 91: 623, 1940. 

. Opie, E. L.: Mobilization of Basophile Substance (RNA) in the Cyto- 

plasm of Liver Cells with the Production of Tumors by Butter Yellow. 

J. Exptl. Med., 84: 91, 1946. 

. Orr, J. W., and D. E. Price: Observations on the Hepatotoxic Action of 

the Carcinogen p-Dimethylaminoazobenzene. J. Pathol. Bacteriol., 60: 

461, 1948. 

. Potter, V. R., J. M. Price, E. C, Miller, and J. A. Miller: Studies of the 

Intracellular | Composition’ of Livers from Rats Fed Various Amino Azo 

Dyes. III. Effects on Succinoxidase and Oxaloacetic Acid. Cancer Res., 

10: 28, 1950. 

. Price, J. M., J. W. Harman, E. C. Miller, and J. A. Miller: Progressive 

Microscopic Alterations in the Livers of Rats Fed the Hepatic Carcinogens 

3’Methy1-4-dimethylaminoazobenzene and 4 F luoro-4-dimethylaminoazo- 

benzene. Cancer Research, 12: 192, 1952. 

. Richardson, H. L., and E. Borsos-Nachtnebel: Study of Liver Tumor 

Development and Histologic Changes in Other Organs in Rats Fed the 

Azo Dye 3’Methyl-4-dimethylaminoazobenzene. Cancer Research, 11: 

398, 1951. 


2. Schneider, W. C., and V. R. Potter: The Assay of Animal Tissues for 


Respiratory Enzymes. II. Succinic Dehydrogenase and Cytochrome Oxi- 
dase. J. Biol. Chem., 149: 217, 1943. 

. Striebich, M. J., E. Shelton, and W. C. Schneider: Quantitative Morpho- 
logical Studies on the Livers and the Liver Homogenates of Rats Fed 
2-Methy1-4-dimethylaminoazobenzene or 3’Methyl-4dimethylaminoazo- 
benzene. Cancer Research, 13: 279, 1953. 

. Weber, G., and A. Cantero: Glucose-6-phosphatase Activity in Normal, 
Precancerous, and Neoplastic Tissues. Cancer Research, 15: 105, 1955. 








Pate | 


Glycogen storage in the normal control rat liver after two weeks on basal 
diet. P.A.S. procedure. Rat number A-9. X35. 
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PLatTeE II 


Liver glycogen storage after two weeks treatment with 3’Me-DAB. Notice 
extensive depletion of glycogen around the central veins with adequate storage 
in the eo areas, Rat number A-11, pair-fed with A-9 above. P.A.S, X35 





Prarte III 


Liver glycogen after two weeks 3’Me-DAB. Higher power showing two 
central veins and one portal triad. P.A.S. X100. 








Precancerous Metabolic Alterations 


a 


Pate IV 
Cytoplasmic basophilia in the livers of rats following treatment with basal 
diet (left) and 3’Me-DAB (right) for two weeks. Note the lack of normal 
granular appearance in a wide area surrounding the central vein following 
3’Me-DAB treatment. Pyronin stain. X150. 
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ANTICANCER ACTIVITY OF PLANT EXTRACTS 


ALFRED TayLor, GEorGE F. McKENNA, AND 
Henry M. Burwace* 


There are, as yet, no particularly promising leads in the field 
of cancer chemotherapy. Various compounds do adversely affect 
certain malignant growths but at the same time aré so. toxic to 
nontumor tissues as to be of limited value in clinical work. It is 
obvious that a really successful therapy must involve an agent 
which is selectively inimical to tumor tissue. The possibility of 
discovering chemicals with such properties is, of course, the moti- 
vation back of the screening programs maintained in many 
laboratories devoted to cancer research. 

Our knowledge in this field is still so limited that it is difficult 
to make a rational approach to the problem or to justify the test- 
ing of particular groups of compounds as compared to other 
source materials. There is no doubt but that cancer etiology con- 
cepts influence cancer therapy research. If the tumor process is 
the results of irreversible changes in cell biochemistry then the 
chemotherapeutic agent must be designed to act on the cancer 
cell through the biochemical characteristics which are associated 
with malignant growth. At the present time much research is 
concerned with the attempt to reveal differences in tumor cell 
chemistry which could be used as a basis for a chemotherapy. As 
yet, if there are such chemical specificities correlated with a tissue 
malignancy, they have not been disclosed. However, if cancer is 
due to the reaction of the cell to 4 tumor agent, then the bio- 
chem stry of cancer tissue would likely differ only quantitatively 
from that of noncancer tissue and a more empirical approach to 
tumor therapy would be in order. Under such circumstances, the 
use of naturally occurring compounds would have as much in its 
favor as the testing of compounds tailored to accomplish par- 
ticular effects in the cell physiology. 

If we can apply to cancer chemotherapy the experience gained 
in the efforts to control various diseases of bacterial origin. then 


* From the Biochemical Institute and Pharmaceutical Foundation of The 
University of Texas and the Clayton Foundation for Research, Austin, Texas. 
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certainly the investigation of compounds associated with organic 
materials offers a more hopeful approach. The sulfa drugs played 
their part in combatting infectious diseases, but the antibiotics 
derived from ready made compounds have proved far more useful 
since their action is selective and comparatively nontoxic. 

Plants especially would seem to be worth investigating in this 
respect since this group of organisms has yielded so many potent 
medicines in the past. 

These were some of the considerations which led to the initia- 
tion, at The University of Texas about six years ago, of a project 
for screening plant extracts for possible anticancer activity. It 
was begun as a small operation and has gradually been increased 
to its present status. The work is still on a moderate scale but is of 
sufficient scope to reveal something of the possibilities of plant 
products in cancer therapy. 

The techniques associated with various aspects of the study 
have been modified and improved in accordance with special 
problems that have been encountered. This has involved the de- 
velopment of two different procedures. One set of manipulations 
has been concerned with the preparation and preservation of the 
plant fractions and the other with the testing of extracts for their 
effects on tumor and nontumor tissues. 

From the beginning we considered it important to process the 
plants in such manner as to preserve the extracts as much as pos- 
sible in their original state. This has proved to be difficult since 
many plant fractions contain such a variety of compounds that 
even at low temperatures, there is likely to be considerable chemi- 
cal activity. As a result, the antitumor effects obtained with 
freshly prepared extracts may disappear rapidly unless special 
procedures are used to prevent it. 

Testing of materials for possible adverse tumor effects had been 
routine in the University Biochemical Institute cancer research 
laboratories for a number of years prior to the commencement of 
the plant investigation. A technique had been developed which 
involved the use of yolk sac inoculated tumor bearing eggs (Tay- 
lor et al., 1942; Taylor et al., 1943; Taylor et al., 1948; Taylor, 
1953). This method makes it possible to assay rapidly various ma- 
terials for their anticancer properties and at the same time gives 
data on the reaction to the test compound of growing embryo 
tissue, Preliminary evaluations of tumor growth inhibiting effects 
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can be made in 24 to 48 hours and the cost and effort is much less 
than that required where animal transplants are utilized (Taylor 
and Carmichael, 1948; Taylor, 1953a). In addition to eggs bear- 
ing tumors, transplants of a mammary carcinoma and a lympho- 
sarcoma in mice have been included in the testing program 
(Taylor and Carmichael, 1953). 

This report is concerned with data obtained from the work 
done with nearly 1,000 plant extracts including 107 species of 
plants. The results obtained with some of these plants have been 
reported previously (Taylor et al., 1951; Taylor et al., 1952; 
McKenna et al., 1954; McKenna et al., in press). 

When the project was initiated, plants for processing were se- 
lected on the basis of known biological effects. Plants with recog- 
nized toxic properties were considered more likely to yield ex- 
tracts adverse to tumor growth, since biologically active fractions 
would be present (Taylor et al., 1952; McKenna et al., 1954). In 
the experience gained by actual testing of these and other plant 
types it became evi that nontoxic plants may be a source of 
growth-inhibiting substances. For example, tumor growth has 
been retarded by cucumber juice and extracts of a muskmelon. 
Also. as would be expected. different parts of a plant may differ in 
extract potentialities. The seeds of plants alone constitute an al- 
most untouched field in this respect. We have barely begun to test 
plant seed extracts and have noted growth inhibitors in fractions 


of alfalfa and beet seeds. 


Experimental Procedures 


Preparation of extracts. The fresh material was processed as 
soon as possible after collection, and usually the whole plant was 
extracted as a conglomerate. Dried material was obtained from 
various drug companies. All material was placed in a Waring 
Blendor with the solvent. The action comminuted the fresh ma- 
terial, mixed, and wetted it thoroughly. Dried powders were 
easier to wet when treated in this manner. The first extracts were 
made with 100 gms. of plant material with the following sol- 
vents: water at pH 7.0, pH 6.0, pH 8.0, water at pH 7.0 and 
boiled 15 minutes, water at pH 7.0 and incubated 24 hours at 
37° C., acetone, and absolute alcohol. 

Extractions were carried out at as low « temperature as pos- 
sible. Extracts, except the one incubated, were stored seven days 
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in a refrigerator. The extract incubated 24 hours was stored six 
days. The storage was to allow the more slowly soluble materials 
to go into solution. After storage, the extracts were filtered 
(Whatman No. 1 paper) and the liquid was freeze-dried. The 
dried material was dissolved in the least amount of triple distilled 
water. Acetone extracts will usually dissolve in water but at a 
lower concentration. The water extracts were sterilized by filter- 
ing through a Selas No. 2 porcelain filter. Alcohol extracts were 
sterilized by placing the extract in a 25 or 50 ml. Erlenmeyer 
flask with a small quantity of 70 per cent alcohol. The flask was 
placed in a desiccator that had been rinsed with 70 per cent 
alcohol, and the alcohol evaporated by use of water pump or 
vacuum pump. Acetone extracts were sterilized in the same man- 
ner as the alcohol extracts except that acetone was used in place 
of 70 per cent alcohol. 

Extracts were tested for sterility by drawing out a sample with 
a pipette and placing it in a bottle of semi-solid brain-heart in- 
fusion media. Occasionally, the extract reacted with the media, 
in which case a small amount was placed on a nutrient agar plate 
or into nutrient broth. An extract was considered sterile if no 
growth was observed after 48 hours. 

Methods of anticancer evaluations. The plant fractions were 
tested against both egg cultivated tumors and tumors trans- 
planted in mice. The sterile extracts were first checked for tox- 
icity by trials with mice or embryonated eggs. 

In mice, subdermal injections of various concentrations were 
made and the effect on weight and visceral organs noted. ha 
toxicity tests with eggs, injections of the test material were made 
over the blood vessels of the area vasculosa of the chick embryos 
on the 11th day of incubation. On the 16th day of incubation, the 
embryos were harvested and weighed. Toxicity was evaluated on 
the basis of weight and survival as compared with controls re- 
ceiving saline injections. In most instances, the toxicity range 
was comparable for mice and 11- te 16-day chick embryos. In 
preliminary evaluations against tumors, near maximum tolerated 
dosages were used. 

The method used in testing extracts against egg cultivated tu- 
mor was similar to that described in previous reports (Taylor, 
1953a, 1953b). Embryonated eggs were yolk sac-inoculated 
through the air sac on the 4th day of incubation with a saline sus- 
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pension of dispersed tumor tissue. A C,H mouse mammary carci- 
noma especially adapted to growth by this type of cultivation was 
used. The test extract was injected over the area vasculosa of the 
tumor bearing eggs on the 10th to the 12th day of incubation or 
6 to 8 days after the eggs were inoculated with the mouse tumor 
tissue. At this stage the tumors averaged 0.1 to 0.2 gms. in size 
depending on whether the 10 or 12 day eggs were used. 

The technique of introducing the extract into the eggs is quite 
simple. A small dent is made in the egg shell with the sharp 
point of a blade of a pair of small scissors, at a spot, as determined 
by candling, that is over the blood vessels of the area vasculosa 
but below the embryo. The dent is small enough so that the point 
of a 22-gauge hypodermic needle can be inserted and with a little 
rotation the needle can be pushed through the shell. The needle 
is inserted at right angles to the shell surface and sent in just be- 
yond the needle bevel. The plunger of the syringe is then pressed 
in, expelling the contents (0.2 cc.) into a space immediately 
under the shell membrane and in contact with the yolk sac blood 
vessels. With very little practice the operation can be done rap- 
idly and effectively. There is no tendency for regurgitation when 
the dent in the shell is smaller than the hypodermic needle. 

The material injected in this manner passes into the blood 
stream of the chick embryo and is carried to the yolk sac im- 
planted tumor. Numerous experiments have demonstrated that 
the embryos of eggs injected with saline solution according to this 
procedure will continue their growth, survival and development 
exactly as if they were untreated. This may be important since it 
demonstrates that the operation is not a factor in the reaction of 
tumor or embryo to the injected material. 

Groups of about 15 eggs were utilized for the testing of each 
extract. A group of 20 or more controls received distilled H,0. 
The effect of the plant fraction was based on weight differences 
in the tumors and embryos of the experimental eggs as compared 
with the controls. 

In some experiments, solutions of the plant extracts were mixed 
with cottonseed oil to slow down the rate of adsorption, but since 
there was a possibility that the oil might react with some of the 
extracts, it was discontinued. Experiments with compounds 
known to inhibit tumor growth indicated that a marked inhibit- 
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ing capacity would be manifested even though rapidly absorbed 
and passed through the embryo blood system. The egg method of 
assaying antitumor activity of materials was regularly checked 
by trial and triethylene melamine. This compound consistently 
inhibits the growth of the C,H mammary carcinoma used in the 
egg work. Generally, extracts which failed to inhibit tumor 
growth 60 per cent or more for the period of the test without 
serious effect on the embryo were discarded. 

For the tests against tumors cultivated in mice, a dba mouse 
mammary carcinoma and a lymphosarcoma were used. The 
mammary tumor developed spontaneously in breeding stock in 
1941, and has been carried since that time by transplants in mice 
and eggs. It is known under the designation of RC mammary 
adenocarcinoma and has been used in screening programs in 
other laboratories (Tarnowski and Stock, 1955). 

Transplants of this tumor in the dba strain maintained in the 
Biochemical Institute mouse colony, grow rapidly attaining a size 
of about 4.0 gms. by the 14th day following implantation with no 
regressions. The lymphosarcoma (dba lymphosarcoma 150) used 
in these tests arose spontaneously in the inguinal lymph node of 
a dba mouse several years ago and has been maintained by trans- 
plantation in mice. This tumor grows to about 3.0 gms. in s:ze 
by the 14th day with no tendency for regression. 

Transplants of both tumors were made by subdermal injections 
(1 cc. tuberculin syringe) in the right inguinal area of 0.02 cc. of 
tumor tissue dispersed in 0.2 cc. of 0.85 per cent saline solution. 
The mice were divided into equivalent control and experimental 
groups. The controls received in the left inguinal area an injec- 
tion of 0.2 cc. distilled H,O. The experimental mice were given 
one injection of the test extract at or near the maximum tolerated 
concentration for the preliminary test. Ten days later, the mice 
were killed and the tumors weighed. Body weight changes were 
recorded. The effect of the plant fraction was evaluated on the 
basis of the difference in the average weight of the tumor from 
the experimental groups as compared with the controls. If the 
extract was associated with a 40 per cent or more inhibition of 
tumor growth, with little or no effect on body weight, further 
tests were completed. 
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TABLE 3 
List of Plants Used in Tumor Chemotherapy Tests 


One or more extracts of the following plants inhibited egg cultivated tumor 
60 percent to 80 percent in two or more tests: 


Albizia Julibrissin Durazzini 

Alfalfa Seed for Beverage 
Amianthemum muscaetozicum Gray 
Cloves N.F. Powdered? 

Cyamopsis tetragonoloba? (seed) 
Datura Stramonium? L. 

Ergot N.F.* (European) (New Crop) 
Horse Chestnut Bark? 

Lupinus texensis Hook 

Maclura pomifera (Raf.) Schneid. 
Opuntia Mill. sp. 

Phoradendron flavescens (Pursh) Nutt. 
Rhubarb Root U.S.P.1 (Powdered) 
Sarsaparilla? 

Sarsasapogenin® 

Solanum rostratum Dunal 
Spearmint! (Leaves) 

Zephyranthes texana Herb. 


One or more extracts of the following plants inhibited egg cultivated tumor 
40 percent to 60 percent in two or more tests: 

Acalypha phleoides Cav.® 

Arachis hypogaea L. var. Valencia 

Astragalus Wootoni Sheldon? 

Beta vulgaris Linn-Commercial var. Perfected Detroit Beet (Seed) 

Conium maculatum L.* 

Cucumis Melo L. Linn-Commercial var. Staley’s Best 

Cucurbita Pepo L.-Commercial var. Hasting’s Jumbo Pumpkin 

Henbane! (Leaves) 

Leptotaenia dissecta Nutt. or Leptotaenia multifida Nutt.® 

(July collection) 

Liatris punctata Hook 

Liucpiaplata 0 Cola de Caballo* 

Phoradendron flavescens (Pursh) Nutt. 


One or more extracts of the following plants inhibited egg cultivated tumor 
40 percent or more: 

Alfalfa Seed for Beverage 

Arachis hypogaea L. var. Valencia 

Arundo Donax L. 

Cascara Sagrada U.S.P.! (Bark) 

Cucumis Melo L. var. Commercial Muskmelon 

Cucumis sativus Commercial var. Hasting’s Model Cucumber 

Cucurbita Pepo-Commercial var. Hasting’s Jumbo Pumpkin 

Nerium Oleander L."! 

Results previously published: 

Alpha conidendrol* and !° 

Anemone decapetala Ard. 

Carica papaya Linn 

Cooperia pedunculata Herb. 

Cucurbita foetidissima HBK 

Datura sp. 

Prosopis glandulosa Torr. 

Purple Sage 


+ A variety from India and a domestic one were tested. 


* Based on processors label. 
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Rhus glabra L. 

Rhus Toxicodendron L. 

Ricinus communis L. 

Salvia Greggii A. Salvia sp. Gray 
Yucca arkansana Trel. 


Plants with little or no inhibition of egg cultivated tumor: 


Aletes acaulis (Torr) C. & R. 

Allium Helleri Small 

Ambrosia aptera D. C. 

Amphyteryngium abstringens® (Schlect.) Schiede 

Asclepiodora decumbens Nutt. 

Astragalus Earlei Greene™ 

Beta vulgaris Linn-Commercial var. Jumbo Mango Beet (Seed) 

Campsis radicans (L.) Seem 

Cannabis sativa L. 

Cassia Tora L. 

Cichorium Intybus L. 

Coprinus 

Croton monanthogynus Michx. 

Cucumis Melo Linn. var. cantalupinses 

Cucumis Melo Linn var. culta 

Cucurbita Pepo Linn-Commercial var. Southern Field Pumpkin 

Cucurbita Pepo Linn-var. Ovifera 

Delphinium Ajacis! (Seed) 

Elm Bark N. F.2 

Eupatorium urticaefolium Reichard 

Gossypium sp. 

Gutierrezia texana T. & G. 

Helianthus annuus L. 

Lagenaria leucantha Rusby-Commercial var. Vaughan’s Large 
Fruited Hercules Club 

Lagenaria leucantha Rusby-Commercial var. Vaughan’s Small 
Fruited Spoon Gourd 

Leptotaenia dissecta Nutt. or Leptotaenia multifida Nutt. (June 
collection) ® 

Licorice Root U.S.P.! 

Parkinsonia aculeata L. 

Parthenium Hysterophorus L. 

Peppermint American U.S.P. 

Piscaria 

Poinciana pulcherrima L. 

Red Cinchona Bark N.F.* 

Salvia farinacea Benth 

Senna U.S.P.! 

Sophora secundiflora (Ortega) Lag. 

Tillandsia usneoides L. 

Tryamine?? 

Verbena bipinnatifida Nutt. 

Viscum album L.° 

Vitis candicans Engelm. 

Wild Cherry Bark U.S.P.1 

Zea mays L.-Commercial var. Yellow Dent 


1 Contributed by S. B. Penick & Co. 

2 Contributed by General Mills. 

3 Contributed by Lloyd Brothers. 

* Contributed by U.S.D.A. 

5 Contributed by Heifetz & Co. 

6 Contributed by a Mexican Herbalist. 
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7 Contributed by Dr. J. W. Dollahite, Texas Agr. Expt. Sta., Marfa, Texas. 

8 Contributed by Mr. Jack L. Groff, County Agent in Bandera County, Texas. 

® Contributed by Dr. Jos. H. Robertson, Dept. of Range Management, Col. of Agricul- 
ture, the Univ. of Nevada, Reno, Nevada. 

1 Contributed by Crown Zellerbach Corp. 

Contributed by Mr. M. S. Spooner, Gonzales, Texas. 

12Contributed by Dr. Greathouse. 


TABLE 4 
List of Plants Used in Chemotherapy Tests 


One or more extracts of the following plants inhibited RC mammary carci- 
noma transplanted in mice 60 percent to 80 percent in two or more tests: 


Aletes acaulis (Torr.) C. & R. 

Amphyteryngium abstringens (Schlect)! Schiede 
Anemone decapetala Ard. 

Astragalus Wootoni Sheldon? 

Berberis Aquifolium Nutt.* 

Beta vulgaris Linn-Commercial var. Perfected Detroit Beet (Seed) 
Cascara Sagrada Bark U.S.P.4 

Gossypium sp. 

Licorice Root U.S.P. (Sarcoma and Carcinoma) # 
Passiflora incarnata L.* 

Phoradendron flavescens (Pursh) Nutt. 

Rhus Tozicodendron L. 

Spearmint (Leaves)4 

Tillandsia usneoides L. 

Verbena bipinnatifida Nutt. 

Viscum album L.*® 


One or more extracts of the following plants inhibited RC mammary carci- 
noma transplanted in mice 50 percent to 60 percent in two or more tests: 


Allium Helleri Small 

Arundo Donaxz L. 

Cucumis Melo Linn var. Cantalupinses 
Cucurbita Pepo Linn var. ovifera* 
Delphinium Ajacis (Seed)4 

Henbane (Leaves)4 

Maclura pomifera (Raf.) Schneid. 
Opuntia Mill. sp. 

Zea mays L.-Commercial var. Yellow Dent 


One or more extracts of the following plants inhibited RC mammary carci- 
noma transplanted in mice 50 percent: 


Alfalfa Seed for Beverage 

Arachis hypogaea L. var. Valencia 

Beta vulgaris Linn-Commercial var. Jumbo Mango Beet (Seed) 
Cactus? 

Croton monanthogynus Michx. 

Cucumis Melo L. var. Staley’s Best 
Cyamopsis tetragonoloba India var.® (Seed) 
Licorice Root U.S.P.4 

Red Cinchona N.F.° (Bark) 

Senna U.S.P.4 

Wild Cherry U.S.P.4 (Bark) 


Results previously published: 


Albizia Julibrissin Durazzini 
Aletes acaulis (Torr.) C. & R. 
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Alpha conidendrol® and * 

Conium maculatum L.® 

Cucurbita foetidissima HBK 

Liatris punctata Hook 

Melia Azedarach L. 

Parkinsonia aculeata L. 

Phoradendron flavescens (Pursh) Nutt. 
Prosopis glandulosa Torr. 

Rhubarb U.S.P.* (Powdered Root) 


One or more extracts of the following plants inhibited lymphosarcoma 150 
transplanted in mice 50 percent (results previously published) : 


Horse Chestnut Bark# 
Peppermint U.S.P. (American) 
Tillandsia usneoides L. 


Results previously published: 


Albizia Julibrissin Durazzini 
Cooperia pedunculata Herb. 
Croton monanthogynus Michx. 


Plants with little or no effect with either RC mammary carcinoma or lypho- 
sarcoma transplanted in mice: 


Acalypha phleoides Cav. 

Acocotillo o Feuogreco 

Ambrosia aptera DC 

Amianthemum Muscaetozicum (Gray) 
Anemone Pulsatilla L. 

Asclepiodora decumbens Nutt.? 

Astragalus Earlei Greene? 

Berberis* (Root) 

Brauneria angustifolia or Brauneria pollida*® 
Campsis radicans (L.) Seem 

Cannabis sativa L. 

Cassia Tora L. 

Chelidonium majus L.* 

Chionanthus virginica L.* (Root) 
Cimicifuga racemosa Nutt.* 

Cloves N.F.* (Powdered) 

Cnidoscolus texana (Muell. Arg) Small 
Collinsonia canadensis* (Root) 

Cooperia Drummondii Herb. 

Coprinus 

Cucumis Melo L.-Commercial var. Staley’s Best 
Cucumis Melo Linn var. culta 

Cucumis sativus Linn-Commercial var. Hasting’s Model Cucumber 
Cucurbita Pepo Linn-Commercial var. Hasting’s Jambo Pumpkin 
Datura sp. 

Datura Stramonium L.* 

Dioscorea villosa L.* 

Elm Bark N.F.4 

Ergot N.F.° (European) (New Crop) 
Eupatorium urgicaefolium Reichard 
Euphorbia marginata Pursh. 

Gelsemium sempervirens Ait.* 

Geranium maculatum L.#* 

Gutierrezia texana T. & G. 

Helianthus annuus L. 
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Hydrangea arborescens L.* 
Ibervillia Lindheimeri (A. Gray) Greene 
Liucipiaplata o Cola de Caballo? 
Lobelia inflata L.* (Seed) 
Lupinus texensis Hook 

Lycopus virginicus* 

Melia azedarach L. 

Nerium Oleander L.°® 

Nicotiana glauca Graham 
Parthenium Hysterophorus L. 
Passiflora incarnata L.* (Root) 
Phytolacca decandra* 

Piscaria 

Piscidia erythrina (L.) Sarg.* 
Podophyllum peltatum L. 
Poinciana pulcherrima L. 
Purple Sage 

Rhus aromatica® (Bark of roots) 
Rhus Toxicodendron L. 

Ricinus communis L. 

Salvia farinacea Benth 

Salvia Greggi A. Gray 

Salvia sp. 

Sanguinaria canadensis L.* 
Sarsaparilla* 

Solanum rostratum Dunal 
Sophora secundiflora (Ortega) Lag. 
Thuja occidentalis L.* 
Toxicodendron flavescens Pursh. 
Viscum album L.° 

Vitis candicans Engelm 

Yucca arkansana Trel. 
Zephranthes texana Herb. 


1 Contributed by a Mexican herbalist. 

2 Contributed by Dr. J. W. Dollahite, Texas Agr. Expt. Sta., Marfa, Texas. 

8 Contributed by Lloyd Brothers. 

* Contributed by S. B. Penick & Co. 

5 Contributed by General Mills. 

®Contributed by U.S.D.A. 

? Contributed by Crown Zellerbach Corp. 

§ Contributed by Mr. Jack L. Groff, County Agent in Bandera County, Texas. 

® Contributed by Mr. M. S. Spooner, Gonzales, Texas. 

The authors thank Dr. Benjamin C. Thorp, Professor of Botany, Dr. C. C. 
Albers, Professor of Pharmacognosy, and Dr, Billie L. Turner, Assistant Pro 
fessor of Botany, for the identification of many of these plants. 

Many plants were received from commercial sources and the authors did 
not check on identification, time of collection, or storage conditions of process- 
ing for distribution. 


Results 
The results are summarized in tables 1-4. Tables 1 and 3 
are concerned with the tests made against tumors cultivated in 
eggs. Table 1 records 14 extracts from 12 plants which inhibited 
tumor growth 55 to 96 per cent as compared with the growth of 
tumor in control eggs. This was accomplished, as the table re- 
veals, in most instances, with no adverse effect on the supporting 
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chick embryos. Only three of the extracts were associated with 
average embryo weights which were smaller than those of the 
control embryos. Table 3 contains a list of all the plants proc- 
essed for tests with egg cultivated tumors and the results. The 
first group in this table represents plants which through their ex- 
tracts inhibited tumor growth 60 to 80 per cent. Some of these 
were left out of table 1 because the extracts were adverse to the 
embryo or proved to be too difficult to preserve and are of little 
value until this factor can be controlled. Table 3 also contains a 
list of the plants and the antitumor activity of which has been 
given in previous publications. 

The data obtained with tumor transplants in mice are given in 
tables 2 and 4. Table 2 includes results with plant fractions not 
previously published which inhibited tumor growth about 50 per 
cent or more for the period of the tests. A total of 15 plants fur- 
nished 18 extracts, one from each of four plants, inhibited the 
growth of lymphosarcoma 150. 47 to 58 per cent. 

In checking over the results obtained with the three tumor 
types. two of which, the RC carcinoma and the lymphosarcoma 
150. were grown in mice, and the C,H mouse mammary carci- 
noma cultivated in eggs, including published and unpublished 
data. it appears that one plant, Albizia, furnished extracts ef- 
fective against all three tumors, Two plants, Tillandsia and AI- 
bizia, were effective for both the RC carcinoma and the lympho- 
sarcoma 150. Three plants. Cooperia, horse chestnut and Albizia, 
furnished extracts effective against both lymphosarcoma 150 and 
the egg cultivated C,H mouse carcinoma. Seventeen plants gave 
extracts effective against both the egg and mouse cultivated 
carcinomas. These are listed below: 


Albizia Julibrissin Durazzini 

Alpha conidendrol 

Anemone decapetala Ard. 

Astragalus Wootoni Sheldon 

Beta vulgaris Linn-Commercial var. Perfected Detroit Beet (Seed) 
Conium maculatum L. 

Cucumis Melo Linn var. Cantalupinses 
Cucurbita foetidissima HBK 

Cucurbita Pepo Linn var. ovifera 
Liatris punctata Hook 

Maclura pomifera (Raf.) Schneid 
Opuntia Mill. sp. 
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Phoradendron flavescens (Pursh) Nutt. 
Prosopis glandulosa Torr. 

Rhubarb Root U.S.P. Powdered 

Rhus Toxicodendron L. 

Spearmint (leaves) 


Of the 86 plants listed in table 3, 43 or 50 per cent gave one or 
more extracts which, in various degrees, inhibited the growth of 
the egg cultivated tumors. This represents about 7 per cent of the 
extracts made from these plants. The RC carcinoma was used in 
tests with extracts from 107 plants, 36 of which gave extracts 
inhibiting tumor growth 50 per cent or more. On the basis of 
the number of extracts, about 5 per cent gave positive results. 
Less than 1 per cent of the extracts were effective against 
lymphosarcoma 150. 


Discussion 


The literature on cancer chemotherapy research is mainly con- 
cerned with negative data. This is necessarily so since there is, as 
yet, no drug preparation which is of much value in the treatment 
of the great majority of malignant growths occurring in man or 
any other animal. It follows therefore that the chief value of 
reports of work in this field is, first to spare others the time and 
effort of investigating substances which have proved to be of no 
value, and secondly, to call attention to approaches to the problem 
which appears to be worthy of further exporation. The present 
paper belongs to the second of these two categories. None of the 
plant extracts processed to date have given results which promise 
much in the way of a practical application to tumor therapy. 
Some of them will be investigated further, and may prove worthy 
of clinical trials, but the chief importance of the data presented is 
that it indicates the possibility of discovering much more potent 
material if the resources of the plant kingdom, in this respect, 
were more thoroughly investigated. 

In this connection, it is pertinent to recall the immense scope 
of the projects which led to the discovery of some of the anti- 
biotics. It was not until penicillin had disclosed the possibilities 
of the compounds occurring naturally in fungi that investgations 
were undertaken on the massive scale which is necessary when 
thousands of samples may be processed before an effective com- 
pound is discovered. Needless to say, our results do not constitute 
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such a clear-cut indication that plants are as likely a source of 
antitumor compounds as was provided by fungi for the field of 
antibacterials when penicillin was discovered. Nevertheless, the 
data presented indicate that plant fractions are a source of tumor 
growth inhibiting substances which, at effective dosages, do not 
appear to affect adversely rapidly growing non-tumor tissue. Ac- 
cordingly if plants were investigated on a scale approaching that 
used in processing fungi for antibiotics, really effective antitumor 
compounds might be discovered. 

Recently a cooperative research (Gellhorn and Hirschberg, 
1955) was undertaken in which a series of 28 compounds, 12 of 
which were known to have antitumor capacity, were checked 
against a number of tumors and other biological systems. Among 
the tumors selected for the tests was the RC carcinoma used in the 
present investigation. It was reported that only 2 of the 28 com- 
pounds were effective against this tumor, inhibiting growth about 
60 and 75 per cent (Tarnowski, 1955). In the results given in this 
report, transplants of the RC carcinoma grown in dba mice were 
inhibited in growth 50 to 80 per cent by 5 per cent of the extracts 
made from 36 of the total of 107 plants used in the study. These 
data indicate that antitumor activity was about as frequent 
among the plant extracts as it was among selected group of 28 
organic compounds when checked against the same tumor by es- 
sentially the same procedure. This comparison is not made w:th 
the idea that other approaches to the problem are unsound or 
should not be continued but merely to emphasize the possibilities 
of the plant world in this respect. 

At present, there are few reports on the use of extracts from 
plant tissues in tumor chemotherapy studies. A fairly extensive 
literature exists on the use of particular plant fractions and com- 
pounds such as colchicine, podophyllin, essential oils, etc., in anti- 
tumor tests. But those investigations represent a different ap- 
proach to the one considered in this paper. 

Belkin and Fitzgerald (1952, 1953a, 1953b) (Belkin et al., 
1952; Fitzgerald et al., 1953) have reported on the antitumor ac- 
tivity of plants used as cathartics, diuretics, pesticides, and other 
plants. They obtained some promising results, No other reports 
of whole plant processing for antitumor effects have been noted. 

The investigation of raw plant materials as a source of com- 
pounds effective in tumor chemotherapy has barely begun. It is 
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hoped that there will be much more research in this field in the 
future. On the basis of our experience, we consider that it con- 
stitutes a reasonable and hopeful approach to the problem of 
cancer control. 


Summary 


For the past 6 years, a project of checking plants for antitumor 
activity has been maintained at The University of Texas. 

A series of nearly a thousand extracts from a hundred plant 
species has been studied. The extracts were tested against a C,H 
mouse mammary Carcinoma cultivated in eggs by the yolk sac 
method, and the RC mammary carcinoma and lymphosarcoma 
150 grown as transplants in mice. 

The results, in addition to those previously published, were as 
follows: 

Nine plants gave 11 extracts which inhibited the growth of the 
egg cultivated tumor 55 to 96 per cent without affecting the sup- 
porting chick embryos. 

Fifteen plants furnished 18 extracts which inhibited the 
growth of the RC carcinoma 50 to 68 per cent. 

Four extracts, one from each of 4 plants, inhibited the growth 
of the lymphosarcoma 150, 47 to 58 per cent. 

In the total results of this research, one plant was effective 
against all three tumors, 2 plants were effective for both the RC 
carcinoma and the lymphosarcoma, 3 plants inhibited the growth 
of the egg cultivated tumor and the lymphosarcoma, and 17 
plants furnished extracts effective against the RC carcinoma and 
the egg cultivated carcinoma. 

It is suggested, on the basis of these results, that the exploration 
of plant chemical resources constitutes a reasonable and hopeful 
approach to cancer chemotherapy. 
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SOME ASPECTS OF THE CHEMISTRY OF THE PITUITARY 
GROWTH HORMONES OF DIFFERENT SPECIES 


A. E. WiLHELMI 


Biochemistry Department, Emory University 
Emory, Georgia 


Observations have been collected over a period of years on the 
chemical, physical and biological properties of anterior pituitary 
growth hormone preparations from ox, pig, sheep, horse, and fish 
of two species, hake and pollack. It is hoped also to have prelimi- 
nary information on a preparation from monkey pituitaries. Data 
will be presented on relative yields, solubility, isoelectric be- 
havior, biological activity, sedimentation in the ultracentrifuge, 
N-terminal groups, and certain other properties of growth hor- 
mone preparations of comparable orders of purity. The evidence 
indicates that there are differences, in molecular weight and in 
isoelectric point, at least, between some of the pitutitary growth 
hormones, and that, as between mammalian and fish growth 


hormones, there may be fundamental differences in biological 
activity. 





CALLING ATTENTION TO 


ITEMs OF PossIBLE INTEREST TO MEDICOS 


June, 1956 


GeneraL: JM Brown looks Through These Men at our great contempo- 
raries (Harper, NY, 1956, 302pp. $+). JB Conant examines The Citadel of 
Learning (Yale Univ. Press, New Haven, Conn., 1956, 98pp, $2). E Fromm 
proposes The Sane Society (Rhinehart, NY, 1956, 340pp, $5). O Lewis recalls 
romantic San Francisco in Bay Window Bohemia (Doubleday, NY, 1956, 248 
pp. $4). A Maurois does it again in Olympio: The Life of Victor Hugo (1801- 
1884) (Harper, NY, 1956, 370pp.. $6. CW Mills reveals The Power Elite, the 
self-perpetuating big brass (Oxford Univ. Press, NY, 1956, 345pp, $6). RM 
Underhill does justice to The Navajos (Univ. Oklahoma Press, Norman, 1956, 
276pp., $4.5). M White points Toward Reunion in Philosophy (Harvard Univ. 
Press, 1956, 320pp, $5.75). 

History or Menicine: OL Bettman gives A Pictorial History of Medicine 
(CC Thomas, Springfield, Ill., 1956, 331 pp, $10). LA Cohen carefully repeats 
experiments of Robt Boyle (1627-1691) on survival of mice in jar with 
lighted candle (J Hist Med 11/127/56). WS Cole looks wisely on Sez in 
Christianity & Psychoanalysis (Oxford Univ. Press, NY, 1956, 211pp, $4). SR 
Cutolo tells the story of a great hospital in Bellevue 1s My Home (Doubleday. 
NY, 1956, 273pp, $4). RM Green offers Asclepiades: His Life and Writings 
(E Licht, New Haven, Conn, 1956, 178pp. $6). LS Kubie well discusses Freud 
& Freedom in Sat Rev Freud centennial number of May 5, 1956. CF Mullett 
tells about The Bubonic Plague & England, Univ. Kentucky Press, Lexing- 
ton, 1956, 620pp. $9). MK Opler relates Culture, Psychiatry & Human Value 
(CC Thomas, Springfield, Ill., 1956, 253pp, $5). FM Rackeman tells about 
“The Inquisitive Physician: The Life & Times of George R. Minot 1885-1950” 
(Harvard Univ. Press. Cambridge, Mass, 1956, 300pp, $5). RL Schoenwald 
is semi-historical in Freud: The Man and His Mind (AA Knopf, NY, 1956, 
250pp, $4) O Temkin translates Soranus’ Gynecology (Johns Hopkins Press. 
Balt.. 1956, 308pp. $5). G Tourney shows old faces in new masks in relating 
Empedocles & Freud, Heraclitus & Jung (Bull Hist Med 30/109/56). 
Clinical: WD Block & K van Goor consider Metabolism, Pharmacology & 
Therapeutic Use of Gold (CC Thomas, Springfield, Ill., 1956, 76pp, $1.8). B 
Bronte-Stewart & Co. indicate highly unsaturated fatty acids in diet depress 
serum cholesterol (Lancet 1/521/Apr. 28/56). FJJ Buytendijk discusses 
Allgemeine Theorie der menschlichen Haltung und Bewegung (Lange & 
Springer, Berlin W435, 1956, 375pp 40, DM). CF Fluhmann describes The 
Management of Menstrual Disorders (WB Saunders, Phila, 1956, 350pp, 
$8.5). EJ Stieglitz edits symposium on problems of the mind in later life 
(Geriatrics 11/137-179/56). W Wolff shows how well Contemporary Psycho- 
therapists Examine Themselves (CC Thomas, Springfield, Ill., 1956, 313pp, 
$6). 
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Puystotocy & PHarmaco.ocy: W de Boer discusses Pharmakopsychologie 
und Psychopathologie (Lange & Springer, Berlin 4 35, 1956, 301pp, 40 DM). 
US von Euler well discusses Noradrenaline (CC Thomas, Springfield, IIl., 
1956, 401pp, $8). JF Fazekas & Co. show mutual antagonism of metrazole & 
depressant barbitals (Am J Med Sci 23/531/56). RFW Goodwin indicates high 
fetal fructose is peculiarity of ungulates (J Physiol 132/146/56). LV Heil- 
brunn stresses calcium in The Dynamics of Living Protoplasm (Academic 
Press, NY, 1956, 337pp, $8). GW Milton & AWM Smith show pace-maker for 
duodenum near bile duct opening (J. Physiol 132/110/56). J Rolin discourses 
well on Police Drugs (Philosophical Library, NY, 1956, 202pp, $4.75). PH 
Rossier & Co. analyze Physiologie und Pathophysiologie der Atmung (Lange 
& Springer, Berlin W35, 1956, 337pp, 49 DM). EN Wynder edits The Biologic 
Effects of Tobacco (Ciba Symposium, Little Brown, Boston, 1956, 256pp, $4.5). 


C.D.L. 
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